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MEMORY 
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GUIDE 



1. DYNAMIC RANDOM ACCESS MEMORIES 



Capacity 


Device 
Number 


Organi- 
zation 


Process 


Access 

Time Max 

(ns) 


Cycle 

Time Mm 

(ns) 


Power 

Supplies 

(V) 


Power 
Dissipation 
Max (mW) 


Package 


Alternate 
Source 


Material 


Pins 


16 K Bit 


TMM416D -2 
-3 
-4 


16,384 x 1 


NMOS 


150 
200 
250 


320 
375 
410 


+5 
-5 
+12 


462/20 


Cerdip 


16 


MK4116 


TMM416P -2 
-3 
-4 


1 6,384 x 1 


NMOS 


150 
200 
250 


320 
375 
410 


+5 
-5 
+12 


462/20 


Plastic 


16 


MK4116 


64 K Bit 


*TMM4164C-3 
-4 


65,536 x 1 


NMOS 


150 
200 


320 
330 


+5 


275/27 5 


Ceramic 


16 






2. CMOS STATIC RANDOM ACCESS MEMORIES 



Capacity 


Device 
Number 


Organi- 
zation 


Process 


Access 

Time Max 

(ns) 


Cycle 

Time Mm 

(ns) 


Power 

Supplies 

(V) 


Power 
Dissipation 
Max (mW) 


Package 


Alternate 
Source 


Material 


Pins 


1 K Bit 


TC5501P 

-1 


256x4 


CMOS 


450 
650 


450 
650 


+5 


83/0 055 


Plastic 


22 


15101 L 


TC5501D 

-1 


256x4 


CMOS 


450 
650 


450 
650 


+5 


83/0 055 


Cerdip 


22 


15101 L 


TC5508P 

-4 
-1 


1 J024 x 1 


CMOS 


370 
450 
550 


450 
550 
700 


+5 


55/0 055 


Plastic 


16 


I M 6508 


4 K Bit 


TC5047AP -1 
-2 


1 J024 x 4 


CMOS 


550 
800 


650 
1000 


+5 


110/0 11 


Plastic 


20 





TC5504P 

-1 
-2 


4j096x 1 


CMOS 


450 
550 
800 


550 
700 
1000 


+5 


110/0 11 


Plastic 


18 


HM6504 


♦TC5504AP -2 
-3 


4j096x 1 


CMOS 


200 
300 


300 
420 


+5 


27 5/0 1 1 


Plastic 


18 


HM6504 


*TC5504APL-2 
-3 


4j096x 1 


CMOS 


200 
300 


300 
420 


+5 


27 5/0 005 


Plastic 


18 


HM6504 


*TC5504AD -2 
-3 


4j096x 1 


CMOS 


200 
300 


300 
420 


+5 


27 5/0 1 1 


Cerdip 


18 


HM6504 


*TC5504ADL-2 
-3 


4j096x 1 


CMOS 


200 
300 


300 
420 


+5 


27 5/0 005 


Cerdip 


18 


HM6504 


TC5514P 

-1 
-2 


1 J024 x 4 


CMOS 


450 
650 
800 


450 
650 
800 


+5 


138/0 11 
110/0 11 


Plastic 


18 


HM6514 


*TC5514AP -2 
-3 


1 J024 x 4 


CMOS 


200 
300 


200 
300 


+5 


27 5/0 1 1 


Plastic 


18 


HM6514 


*TC5514APL-2 
-3 


1 ,024 x 4 


CMOS 


200 
300 


200 
300 


+5 


27 5/0 005 


Plastic 


18 


HM6514 


*TC5514AD -2 
-3 


1 J024 x 4 


CMOS 


200 
300 


200 
300 


+5 


27 5/0 1 1 


Cerdip 


18 


HM6514 


*TC5514ADL-2 
-3 


1 J024 x 4 


CMOS 


200 
300 


200 
300 


+5 


27 5/0 005 


Cerdip 


18 


HM6514 


16 K Bit 


*TC551 6AP 
*TC5516APL 


2j048x8 


CMOS 


250 
250 


250 
250 


+5 


385/0 1 65 
385/0 005 


Plastic 


24 





*TC5517AP 
*TC5517APL 


2,048 x8 


CMOS 


250 
250 


250 
250 


+5 


385/0 1 65 
385/0 005 


Plastic 


24 
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3. STATIC RANDOM ACCESS MEMORIES 



Capacity 


Device 
Number 


Organi- 
zation 


Process 


Access 

Time Max 

(ns) 


Cycle 

Time Mm 

(ns) 


Power 

Supplies 

(V) 


Power 
Dissipation 
Max (mW) 


Package 


Alternate 
Source 


Material 


Pins 


4K Bit 


TMM314AP 

-3 
-1 


1 ,024 x 4 


NMOS 


450 
300 
200 


450 
300 
200 


+5 


550 


Plastic 


18 


2114 


TMM314APL 
-3 
-1 


1 ,024 x 4 


NMOS 


450 
300 
200 


450 
300 
200 


+5 


385 


Plastic 


18 


2114L 


TMM315D 

-1 


4,096 x 1 


NMOS 


70 
55 


70 
55 


+5 


880/110 
990/1 65 


Cerdip 


18 


2147 


16 K Bit 


TMM2016P 

-1 
-2 


2j048x8 


NMOS 


150 
100 
200 


150 
100 
200 


+5 


550/83 
660/83 
770/1 65 


Plastic 


24 






4. ERASABLE/PROGRAMMABLE READ ONLY MEMORIES 



Capacity 


Device 
Number 


Organi- 
zation 


Process 


Access 

Time Max 

(ns) 


Cycle 

Time Mm 

(ns) 


Power 

Supplies 

(V) 


Power 
Dissipation 
Max (mW) 


Package 


Alternate 
Source 


Material 


Pins 


16 K Bit 


TMM323D 

-1 


2,048 x8 


NMOS 


450 
350 


450 
350 


+5 


525/1 32 
550/1 38 


Cerdip 


24 


12716 


*TMM323DI 


2,048x8 


NMOS 


450 


450 


+5 


525/1 58 


Cerdip 


24 


12716 


32 K Bit 


TMM2732D 
*TMM2732DI 


4,096x8 
4j096x8 


NMOS 
NMOS 


350 
350 


350 
350 


+5 
+5 


788/1 32 
788/158 


Cerdip 
Cerdip 


24 
24 


1 27 32 
I2732 



Note TMM323DI and TMM2732DI are industrial spec (wide operating temperature range —40 ~85°C) parts 

5. MASK PROGRAMMABLE READ ONLY MEMORIES 



Capacity 


Device 
Number 


Organi- 
zation 


Process 


Access 

Time Max 

(ns) 


Cycle 

Time Mm 

(ns) 


Power 

Supplies 

(V) 


Power 
Dissipation 
Max (mW) 


Package 


Alternate 
Source 


Material 


Pins 


16 K Bit 


TMM334P 


2j048x8 


NMOS 


450 


450 


+5 


440 


Plastic 


24 


i231 6E 


32 K Bit 


TMM333P 


4P96 x 8 


NMOS 


450 


450 


+5 


525 


Plastic 


24 


TMS4732 


32 K Bit 


TMM2332P 


4j096x8 


NMOS 


350 


350 


+5 


550/83 


Plastic 


24 


1 2332 


64 K Bit 


TMM2364P 


8,192x8 


NMOS 


250 


350 


+5 


220/83 


Plastic 


28 


I2364 
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TC5504P-1 
TC5047AP-1 



TC5501P 
TC5508P-4 



TC5504P 
TMM314AP 
TCC5514P 
TMM314APL 



TC5504AP-3 
TC5514AP-3 
TMM314AP-3 
TMM314APL-3 



TC5504AP-2 
TC5514AP-2 
TMM314AP-1 
TMM314APL-1 



TMM315D 
TMM315D-1 



Note in the case of synchronous device, 
the chart of microcomputer 
application is not always applicable 
because of the timing requirements 



TMM323D 
TMM334P 



TC5516AP 
TC5517AP 
TMM416D-4/P-4 



TMM416D-3/P-3 
TMM2016P-2 



TMM2016P 
TMM416D-2/P-2 



TMM2016P-1 



TMM2332P 
TMM2732D 



TMM41 64C-4 



TMM41 64C-3 



7\ 



7W> 



T7\ 



7\ 



7\ 



7\ 



8K 
Memory Size in Bit 



MEMORY SELECTION GUIDE 2 





TC5504P-2 
TC5514P-2 


























































TC5501P-1 


TC5514P-1 






































TC5508P-1 


TC5047AP-1 
TC5504P-1 






































TC5501P 
TC5508P-4 


TC5504P 
TC5514P 




TMM314APL 


TMM334P 


TMM314AP 

TMM323D 

TMM333P 










TC5508P 






























TMM2332P 
TMM323D-1 






TMM2732D 




TC5504AP-3 
TC5514AP-3 






TMM314APL-3 




TMM314AP3 














TC5516AP 
TC5517AP 
TMM2364P 




TMM416D- 
4/P-4 












TC5504AP-2 
TC5514AP-2 




TMM41 64C-4 


TMM314APL-1 


TMM416D-3/ 
P-3 


TMM314AP-1 




TMM2016P-2 










TMM41 64C-3 




TMM416D- 

2/P-2 


TMM2016P 






















TMM2016P-1 




TMM315D 


TMM315D-1 























300 400 500 

Power Dissipation in Milliwatt 
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""^\^^ Bit 
Word ^"^\^ 


1 Bit 


4 Bit 


8 Bit 


256 




TC5501P/D 




1024 


TC5508P 


TMM314AP/APL 
TC5047AP 
TC5514P 
TC5514AP/AD 




2048 






TMM2016P 
TMM323D 
TMM334P 
TC551 6AP 
TC5517AP 


4096 


TMM315D 

TC5504P 

TC5504AP/AD 




TMM2732D 
TMM2332P 
TMM333P 


8192 






TMM2364P 


16384 


TMM416P/D 






32768 








65536 


TMM4164C 







CROSS REFERENCE 

1. 16K Bit Dynamic RAM 



~~ ~— ^^AccessJTime 


150 ns 


200 ns 


250 ns 


Toshiba 


TMM416D-2/P-2 


TMM416D-3/P-3 


TMM416D-4/P-4 


Fairchild 


F16K-2 


F16K-3 


F16K-4 


Fujitsu 


MB8116H 


MB8116E 


MB8116N 


Hitachi 


HM4716A-2 


HM4716A-3 


HM4716A-4 


Intel 


2117-2 


2117-3 


2117-4 


Intersil 




IM7116-3 


IM7116-4 


Mitsubishi 


M5K4116-2 


M5K4116-3 


M5K4116-4 


Mostek 


MK4116-2 


MK4116-3 


MK4116-4 


Motorola 


MCM4116C-2 


MCM4116C-3 


MCM4116C-4 


National Semi. 


MM 5290-2 


MM5290-3 




NEC 


MPD416C/D-3 


juPD416C/D-2 


MPD416C/D-1 


Tl 


TMS41 16-15 


TMS41 16-20 


TMS41 16-25 



2. 4K Bit Static RAM 





1,024 x 4 


4.096 


x 1 


^\AcTOMjrjme^ 


200 ns 


300 ns 


450 ns 


55 ns 


70 ns 


Toshiba 


TMM314AP-1/APL-1 


TMM314AP-3/APL-3 n 


TMM314AP/APL 


TMM315D-1 


TMM315D 


AMD 


Am9114EPC 


Am9114CPC 


Am9114BPC 






AMI 


S2114-2 


S2114-3 




S2147 


Fujitsu 


MB8114EL 


MB8114NL 




MB8147H 


MB8147E 


Hitachi 


HM472114AP-2 


HM472114AP-3 


HM472114AP-4 


HM6147-3 


HM6147 


Intel 


2114-2/L2 


2114-3/L3 


2114/L 


2147-3 


2147 


Intersil 


IM7114-2/L2 




IM7114L 






Mitsubishi 


M5L2114LP,S-2 


M5L2114LP, S-3 


M5L2114LP,S 






Motorola 


MCM21 14-20 


MCM21 14-30 


MCM21 14-45 


MCM21 47-55 


MCM21 47-70 


National 


MM2114-2/-2L 


MM2114-3/-3L 


MM2114/-L 


MM2147-3 


MM2147 


NEC 


juPD2114LC/D-3 


juPD2114LC/D-1 


juPD2114LC/D 


MPD2147D-3 


£tPD2147D-2 


SYNERTEK 










SY2147 


Tl 


TMS4045-20 




TMS4045-45 


TMS2147-5 


TMS2147-7 



3. CMOS RAM 





1 K Bit 


4 KBit 


16 KBit 


256 x 4 


1,024 x 1 


1,024 x 4 


1,024 x 4 

TC5514P 
TC5514AP 


4,096 x 1 


2,048 x 8 


Toshiba 


TC5501P 
TC5501D 


TC5508P 


TC5047AP 


TC5504P 
TC5504AP 


TC5516AP 


Fujitsu 




MB8401 




MB8414 


MB 8404 




Harris 


HM6501 


HM6508 




HM6514 
HM4334 


HM6504 
HM4315 


HM6116 


Hitachi 


HM435101 






Intel i510l L 












Intersil 




I M 6508 




IM6514 


I M 6504 




Mitsubishi 


M5L5101LP-1 






M58981S-45 






NEC 


MPD5101 


/IPD443 


MPD445 


/uPD444 






Oki 








MSM5114 


MSM5104 




RCA 








MWS5114 







4. ROM (EPROM & MROM) 





EPROM 




MR 


0M 
Bit 


64 K Bit 


16 K Bit 


32 K Bit 


16 K Bit 


32 K 


Toshiba 


TMM323D 


TMM2732D 


TMM334P 


TMM333P 


TMM2332P 


TMM2364P 


Fujitsu 


MB8516 


MB8532 


MB8316 


HN46332P 






Hitachi 


HN462716 


HN462732 


HN2316E 






Intel 


12716 


i2732 


i2316E 




i2332 


i2364 


Mitsubishi 


M5L2716K 


M5L2732K 










Mostek 


MK4716 




M K34000 


MK32000 




MK37000 


Motorola 


MCM2716 












NEC 


juPD2716D 






MPD2332 






Oki 
Tl 


MSM2716AS 


MSM2732AS 


MSM3781AS 








TMS2516 






TMS4732 
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H TOSHIBA MOS MEMORY PRODUCTS 



16384 WORD x 1 BIT DYNAMIC RAM 

N CHANNEL SILICON GATE MOS 



TMM4I6P/D-2, TMM4 I 6P/D-3, 
TMM4I6P/D-4 



DESCRIPTION 

The TMM416P/D is a 16,384 words by 1 bit MOS 
random access memory circuit fabricated with 
TOSHIBA'S double poly N-channel silicon gate proc- 
ess for high performance and high functional density 

The TMM416P/D uses a single transistor dynamic 
storage cell and dynamic control circuitry to achieve 



high speed and low power dissipation Multiplexed 
address inputs permit the TMM416P/D to be pack- 
aged in a standard 16 pin plastic and cerdip DIP This 
package size provides high system bit densities and is 
compatible with widely available automatic testing 
and insertion equipment 



FEATURES 



• 16,384 words by 1 bit organization 

• Fast access time and cycle time 


DEVICE 
TMM416P/D-2 
TMM416P/D-3 


tRAC 


tRC 


150 ns 


320 ns 


200 ns 


375 ns 


TMM416P/D-4 


250 ns 


410 ns 



- Industry standard 16 pin DIP 

► Standard ± 10% power supply (+12V, ± 

► Lower power 462mW operating (max 

20mW standby (max ) 

PIN CONNECTIONS 



5V) 




PIN NAMES 



A -A 6 


Address Inputs 


CAS 


Column Address Strobe 


D IN 


Data In 


D OUT 


Data Out 


~RAS 


Row Address Strobe 


WRITE 


Read/Write Input 


V B B 


Power (-5V) 


v C c 


Power (+5V) 


V D D 


Power (+12V) 


v S s 


Ground 



Output unlatched at cycle end allows two-dimen- 
sional chip select 

Common I/O capability using "Early Write" opera- 
tion 

Read-Modify-Wnte, RAS-only refresh, and Page- 
Mode capability 

All inputs and output TTL compatible 
128 refresh cycles / 2 msec 
Compatible with MK41 16 
Package 

Plastic DIP TMM416P 

Cerdip DIP TMM416D 



BLOCK DIAGRAM 



PD- 



_y \_J_ n ° 2 cl ° ck 

Q— f-C I J GENERATOR 



ROW 
.DDRESS 
UFFERS 



LQ^ 



UFFERS 



"5> 



} 



DUMMY CELLS (128) 



DUMMY CELLS (128) 
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ABSOLUTE MAXIMUM RATINGS 



RATING 


VALUE 


UNITS 


NOTES 


Voltage on any pin relative to V B b 


-0 5~ +20 


V 




Voltage on Vdd . v cc supplies relative to V ss 


-1 0-+15 


V 




Vbb-Vss (V dd -V S s>OV) 





V 




Operating temperature 


, 


0~70 


°C 




Storage temperature 


°C 


■--- \ 


Soldering temperature Tim 


260 10 

600 H 


°C sec 


Power dissipation 


TMM416P 


mW 
mA 


- 


TMM416D 


1000 


Short circuit output current 


50 



RECOMMENDED DC OPERATING CONDITIONS (Ta = - 70°C) (Note 2) 



SYMBOL 


PARAMETER 


MIN 


TYP 


MAX 


UNITS 


NOTES 


Vdd 


Supply Voltage 


108 


120 


132 


V 


3 


v C c 


45 


50 


55 


V 


3,4 


v S s 











V 


3 


V B B 


-4 5 


-5 


-5 5 


V 


3 


V|HC 


Input High Voltage, RAS, CAS, WRITE ' 2 7 




70 


V 


3 


V| H 


r Input High Voltage, except RAS, CAS, WRITE I 2 4 




70 


V 


3 


V|L 


Input Low Voltage, all inputs I -10 




08 


V 


3 



DC ELECTRICAL CHARACTERISTICS 

(V D d =12 0V± 10%,V CC =5.0V±10%,V S s = 0V,V BB 



-5.0V±10%,Ta = 0°C~70°C) (Note 2) 



SYMBOL 


PARAMETER 


MIN. 


MAX. 


UNITS 


NOTES 


•DD1 


OPERATING CURRENT 

Average power supply operating current 

(RAS, CAS cycling tRc = minimum value) 




35 


mA 


5 


Icci 








6 


■b81 




200 


ma 




!dD2 


STANDBY CURRENT 

Power supply standby current 

(RAS = V|hc< Dqut = H| 9 h Impedance) 




1 5 


mA 




'CC2 


-10 


10 


fiA 




IBB2 




100 


juA 




'dD3 


REFRESH CURRENT 

Average power supply current, refresh mode 

(RAS cycling, CAS = V|hc *rc = minimum value) 




27 


mA 


5 


'CC3 


-10 


10 


ma 




!bB3 




200 


ma 




>DD4 


PAGE MODE CURRENT 

Average power supply current, page mode operation 

(RAS = V||_, CAS cycling tpc = minimum value) 




27 


mA 


5 


!CC4 








6 


>BB4 




200 


ma 




h (L) 


INPUT LEAKAGE CURRENT 

Input leakage current, any input (V B b = — 5V 

OV< V| N <+7 0V. all other pins not under test = OV) 


-10 10 

I 


ma 




'O(L) 


OUTPUT LEAKAGE CURRENT 

(Dqut is disabled, OV < Vqut < +5 5V) 


-10 


10 


I 

MA j 


V H 


OUTPUT LEVELS 

Output "H" level voltage (Iqut = —5mA) 


24 




i 
V 4 


Vol 


OUTPUT LEVELS 

Output "L" level voltage (Iqut = 4 2mA) 




0.4 


V 4 
I 



12 



ELECTRICAL CHARACTERISTICS AND BECOME ENDED AC OPERATING CONDITIONS 



(V DD = 12 0V±10%, V CC = 5 0V±10%, V SS = OV,V BB = -5 0V± 10%, Ta = 0°C ~ 70°C) 



(NOTES2,7,8, 10) 



SYMBOL 


PARAMETER 


TMM416P/D-2 


TMM416P/D-3 


TMM416P/D-4 


UNITS 


NOTES 


MIN 


MAX 


MIN 


MAX. 


MIN 


MAX 


tRC 


Random read or write cycle time 


320 




375 




410 




ns 


9 


tRWC 


Read-write cycle time 


320 




375 




425 




ns 


9 


tRMW 


Read-modify-wnte cycle time 


320 




405 




500 




ns 


9 


tpc 


Page mode cycle time 


170 




225 




275 




ns 




tRAC 


Access time from RAS 




150 




200 




250 


ns 


11, 13 


tCAC 


Access time from CAS 




100 




135 




165 


ns 


12, 13 


tOFF 


Output buffer turn-off delay 



3~ 


40 





50 





60 


ns 


14 


tT 


Transition time (rise and fall) 


35 


3 


50 


3 


50 


ns 


10 


tRP 


RAS precharge time 


100 




120 




150 




ns 




tRAS 


RAS pulse width 


150 


32,000 


200 


32,000 


250 


32,000 


ns 




tRSH 


RAS hold time 


100 




135 




165 




ns 




tcSH 


CAS hold time 


150 




200 




250 




ns 




tCAS 


CAS pulse width 


100 


10,000 


135 


10,000 


165 


10,000 


ns 




tRCD 


RAS to CAS delay time 


20 


50 


25 


65 


35 


85 


ns 


15 


tCRP 


CAS to RAS precharge time 


-20 




-20 




-20 




ns 




tASR 


Row Address set-up time 

















ns 




tRAH 


Row Address hold time 


20 




25 




35 




ns 




tASC 


Column Address set-up time 




-10 




-10 




ns 




tCAH 


Column Address hold time 


45 




55 




75 




ns 




tAR 


Column Address hold time 
referenced to RAS 


95 




120 




160 




ns 




tRCS 


Read command set-up time 

















ns 




tRCH 
t\A/CH 


Read command hold time 

















ns 




Write command hold time 


45 




55 




75 




ns 




t\A/CR 


Write command hold time 
referenced to RAS 


95 




120 




160 




ns 




twp 


Write command pulse width 


45 




55 




75 




ns 




tRWL 


Write command to RAS lead time 


50 




70 




85 




ns 




tCWL 


Write command to CAS lead time 


50 




70 




85 




ns 




*DS 


Data-in set-up time 

















ns 


16 


tDH 


Data-in hold time 


45 




55 




75 




ns 


16 


tDHR 


Data-in hold time referenced to RAS 


95 




120 




160 




ns 




tCP 


CAS - precharge time (for page- 
mode cycle only) 


60 




80 




100 




ns 




*REF 


Refresh period 




2 




2 




2 


ms 




twcs 


Write command set-up time 


-20 




-20 




-20 




ns 


17 


*CWD 


CAS to WRITE delay 


60 




80 




90 




ns 


17 


*RWD 


RAS to WRITE delay 


110 




145 




175 




ns 


17 
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TIMING WAVEFORMS 
• READ CYCLE 



V|HC- 



V. HC — 

CAS 



ADDRESSES 



VlHC— Z 



V H- 



\ 



'Q: 



RAH tASC 



ROW 
ADDRESS 



COLUMN 
ADDRESS 



A \ 



■£J 



m 



/ VALID DATA V- 



^ Don't 



• WRITE CYCLE (EARLY WRITE) 



CAS Vine 



ADDRESSES 



D|N 




VOL- 



\/j\ Don't Care 
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• READ-WRITE/READ-MODIFY-WRITE CYCLE 



ADDRESSES 




V/A Don't Care 



• "RAS-ONLY" REFRESH CYCLE 



ADDRESSES 




Note CAS = V iHC , WRITE = Don't Care 



M i 
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• PAGE MODE READ CYCLE 



ADDRESSES 



D OUT 




£2 Do, 



• PAGE MODE WRITE CYCLE 



RAH 
t ASR 



ADDRESSES 



\ 



tASC 



r 



r/vch 

*CWL 



vm -77 l 
V IL -A 






V- 



J CO L \, 
ADD 



^- 



^ ^Mm^ J^^MMMlk^JL 



VALID 
DATA 



Pfc 



m 



\ 



tf 



VALID 
DATA 



mm ^Wn m^A 



^ Don't 
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CAPACITANCE 

(V DD = 120V±10%,V CC =50V±10%,V SS =OV,V BB = -5 0V±10%,f = 1MHz,Ta = 0°C ~ 70°C) 



SYMBOL 


PARAMETER 


TYP 


MAX 


UNIT 


Cii 


Input Capacitance (A -A 6 ), D|n 


4 


5 


pF 


Ci 2 


Input Capacitance RAS, CAS, WRITE 


8 


10 


pF 


Co 


Output Capacitance (Dqut) 


5 


7 


' pF 



POWER DERATING CHARACTERISTICS 













r 

l 


i i 


Ta (MaJ ) 




1 


\if : 


- 










) 


\ 




- 




r T 


1 


1! ' " 

fH- 



4U 


41 

- T -p- 






'1 i ! 


30 


.^^S2 


^ 


< 




l \^p%^f L- 


^ 






j^*' '^ 


^ 


_j 






^44— 












-+^— j— 






i 







~^t~i~ 


r ~i i 


r T~ 




















! 




1 ! ! ! 


1 


j_ 


! i ' , 










< ^ 


>" 3 ' 








\*$£ 






---b?' 




^St&r^^ 








^ 






Tl^-- 


--"" 






-- 




| ! 














1 ! 









NOTES 

1 Stresses greater than those lis 
tings" may cause permanent di 

2 T a is specified here fc 
tRC ^tRC ( mln > Operatioi 



;d under "Absolute Maximum Ra- 
vage to the device 

operation at frequencies to 
at higher cycle rates with reduced 



ambient temperatures and higher power dissipation is permissible, 
however, provided AC operating parameters are met See Fig 1 
for derating curve 
All voltages are referenced to Vgs 

Output voltage will swing from Vgs to V CC when activated with 
no current loading For purposes of maintaining data in standby 
mode, Vqq may be reduced to Vss without affecting refresh 
operations or data retention However, the Vqh ( m| n ) specifica- 
tion is not guaranteed in this mode 

'dD1 ' 'DD3 and 'dD4 depend on cycle rate See figures 2, 3 and 
4 for Iqq limits at other cycle rates 

'CC1 ancl 'CC4 depend upon output loading During readout of 
high level data Vqq is connected through a low impedance to data 
out At all other times \qq consists of leakage currents only 
After the application of supply voltages or after extended periods 
of bias (greater than t RE p 2ms) without clocks, the device must 
perform about eight initialization cycles prior to normal opera- 
tion 

AC measurements assume tj = 5ns 

The specifications for t R rj (mm ), t R Mw (mm ) and t R wc < rnm ' 
are used only to indicate cycle time at which proper operation 
over the full temperature range (0 C^T a ^70 C) is assured 
V IHC ( min ) or V 1 1_| (mm ) and V||_ (max ) are reference levels for 



measuring timing of input signals Also, transition times are meas- 
ured between V||_)q or Vm and V||_ 

Assumes that t RCD <t RC D (max ) If t RCD is greater than the 
maximum recommended value shown in this table, t RAC will in- 
crease by the amount that t RCD exceeds the value shown 
Assumes that t R cD ^tRCD (max ) 

Measured with a load equivalent to 2 TTL loads and 1 OOpF 
t Q FF < m ax ) defines the time at which the output achieves the 
open circuit condition and is not referenced to output voltage 
levels 

Operation within the t RCD (max ) limit insures that t RAC (max ) 
can be met t R Q D (max ) is specified a reference point only if 
tRCD IS greater than the specified t R c D (max ) limit, then access 
time is controlled exclusively by trj A c 

These parameters are referenced to CAS leading edge in early write 
cycles and to WRITE leading edge in delayed write or read- 
modify-wnte cycles 

tWCS- t CW D and t R wD are not restrictive operating parameters 
They are included in the data sheet as electrical characteristics 
only 

If tWCS ^ t wcs (mm ), the cycle is an early write cycle and the 
data out pin will remain open circuit (high impedance) throughout 
the entire cycle 

lf tCWD ^ t CWD ( min ) and t R WD ^ t RWD ( mln ). the cycle is a 
read-write cycle and the data out will contain data read from the 
selected cell If neither of the above sets of conditions is satisfied, 
the condition of the data out (at access time) is indeterminate 
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AMPLICATION IN?0«MAT*Qiy 



ADDRESSING 

The 14 address bits required to decode 1 of the 
16,384 cell locations within the TMM416P/D are 
multiplexed onto the 7 address inputs and latched 
into the on-chip address latches by externally apply- 
ing two negative going TTL-level clocks 

The first clock, the Row Address Strobe (RAS), 
latches the 7 row address bits into the chip . The 
second clock, the Column Address Strobe (CAS), 
subsequently latches the 7 colu mn a ddress bits into 
the chip. Each of these signals, RAS and CAS, trig- 
gers a sequence of events which are controlled by dif- 
ferent delayed internal clocks 

The two clock chains are linked together logically 
in such a way that the address multiplexing operation 
is done outside of the critical path timing sequence 
for read data access. The later events in the CAS 
clock sequence are inhibited until the occurence of a 
delayed signal derived from the RAS clock chain. 
This "gated CAS" feature allows the CAS clock to be 
externally activated as soon as the Row Address Hold 
Time specification (tRAH) has been satisfied and the 
address inputs have been changed from Row address 
to Column address information. 

DATA INPUT/OUTPUT 

Data to be written into a selected cell is latched 
into an on-chip register by a combination of WRITE 
and CAS while RAS is active. The later of the signals 
(WRITE or CAS) to make its negative transition is the 
strobe for the Data In (Din) register This permits 
several options in the write cycle timing In a write 
cycle, if the WRITE input is bro ught low (active) 
prior to CAS, the Din is strobed by CAS and the set- 
up and hold times are referenced to CAS If the 
input data is not available at CAS time or if it is 
desired that the cycle be a read-write cycle the 
WRITE signal will be delayed until after CAS has 
made its negative transition. In this "delayed write 
cycle" the data input set-up and hold times are 
referenced to the negative edge of WRITE rather than 
CAS. (To illustrate this feature, D|n is referenced to 
WRITE in the timing diagrams depicting the read- 
write and page-mode write cycles while the "early 
write" cycle diagram shows Din referenced to CAS). 



Data is retrieved from the memory in a read cycle 
by maintaining WRITE in the inactive or high state 
throu ghout the portion of the memory cycle in which 
CAS is active (low). Data read from the selected cell 
will be available at the output within the specified 
access time. 

DATA OUTPUT CONTROL 

The normal condition of the Data Output (Dout) 
of the TMM416P/D is the high im peda nce (open- 
circuit) state That is to say, anytime CAS is at a high 
level, the Dout P |n will be floating The only time 
the output will turn on and contain either a logic or 
logic 1 is at access time during a read cycle. Dout 
will remain valid from access time until CAS is taken 
back to the inactive (high level) condition 

If the memory cycle in progress is a read, read- 
modify write, or a delayed write cycle, then the data 
output will go from the high impedance state to the 
active condition, and at access time will contain the 
data read from the selected cell This output data is 
the same polarity (not inverted) as the input data 
Once having gone active, the output will remain valid 
until CAS is taken to the precharge (logic 1) state, 
whether or not RAS goes into precharge 

If the cycle in progress is an "early-wnte" cycle 
(WRITE active before CAS goes active), then the 
output pin will maintain the high impedance state 
throughout the entire cycle Note that with this type 
of output configuration, the user is given full control 
of the Dout P |n simply by controlling the placement 
of WRITE command during a write cycle, and the 
pulse width of the Column Address Strobe during 
read operations Note also that even though data is 
not latched at the output, data can remain valid from 
access time until the beginning of a subsequent cycle 
without paying any penalty in overall memory cycle 
time (stretching the cycle) 

PAGE MODE OPERATION 

The "Page-Mode" feature of the TMM416P/D al- 
lows for successive memory operations at multiple col- 
umn locations of the same row address with increased 
speed without an increase in power This is done by 
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strobing the row address into the chip and maintain- 
ing the RAS signal at a logic throughout all succes- 
sive memory cycles in which the row address is com- 
mon This "page-mode" of operation will not dis- 
sipate the power associated with the negative going 
edge of RAS Also, the time required for strobing in 
a new row address is eliminated, thereby decreasing 
the access and cycle times 

REFRESH 

Refresh of the dynamic cell matrix is accomplished 
by performing a memory cycle at each of the 128 
row addresses within each 2 millisecond time interval 
Although any normal memory cycle will perform the 
refresh operation, this function is most easily accom- 
plished with "RAS-only" cycles, RAS only refresh 
results in a substantial reduction in operating power 
This reduction in power is reflected in the IdD3 
specification 

POWER CONSIDERATIONS 

Most of the circuitry used in the TMM416P/D is 
dynamic and most of the power drawn is the result of 
an address strobe edge (refer to the TMM41 6P/D cur- 



rent waveforms in Fig 5) In system applications 
requiring lower power dissipation, the operating 
frequency (cycle rate) of the TMM416P/D can be re- 
duced and the (guaranteed maximum) average power 
dissipation of the device will be lowered in accord- 
ance with the Iqd 1 ( max ) spec limit curve illustrated 
in Fig 2 

It is possible to operate certain versions of the 
TMM416P/D family (-2 and 3 speed selections for 
example) at frequencies higher than specified, provid- 
ed all AC operating parameters are met Operation at 
shorter cycle times (< tRc mm.) results in higher 
power dissipation and, therefore, a reduction in 
ambient temperature is required Refer to Fig 1 for 
derating curve 

POWER UP 

The TMM416P/D requires no particular power sup- 
ply sequencing so long as the Absolute Maximum 
Rating Conditions are observed. However, in order to 
insure compliance with the Absolute Maximum Rat- 
ings, TOSHIBA recommends sequencing of power 
supplies such that Vbb is applied first and removed 
last Vbb should never be more positive than V$s 
when power is applied to Vqd 



TYPICAL CURRENT WAVEFORMS 
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TYPICAL CHABACTEmSTiCS 



's V DD Supply Voltage 



d Access T,me t RAC 
ipply Voltage 













T, = 50°C 
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Vcc Supply Voltage 



T, = 50°C 












vs V DD Supp 
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V BB = -4 5V 
Tj = 50°C 
t RC = 375 ns 
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V BB = -4 5V 
V DD = 13 2V 
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l DD3 (RAS Only) 

vs V DD Supply Voltage 



-10 50 













V BB = -4 5V 
T, = 50°C 
t RC - 375 ns 
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I DD3 (RAS Only) 



4 (Page Mode) 

! DD Supply Voltage 













V BE 


= -4 5V 












tRC " 375ns 
















































































V BB = -4 5V 
T, = 50°C 
t PC = 225 ns 


































































































V BB = -4 5V 
V DD = 13 2V 
t PC = 225 ns 















































































V DD Supply Voltage 
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V BB = -5 5V for V| HC 
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V BB = -5 5V for V| H 
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V DD = 13 2V for V| HC 
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HC' V ILC Input Levels 
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V DD = 13 2V for V |H 
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V DD = 13 2V, V BB = -5 5V for V| HC 
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TOSHIBA 



OUTLINE DRAWINGS 

• Plastic Package 



16 15 14 13 12 11 10 



Unit in mm 




• Cerdip Package 
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11 10 9 
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— 20 MAX 
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6 7 8 







I -0 05 I 

[— 8 60 ~ 1 20 —I 



1 Each lead pitch is 2 54mm All leads are located v 
No 16 leads 

2 All dimensions are in millimeters 



n 25mm of t 



•ue longitudinal p 



i with respect to No 1 and 



Note Toshiba does not assume any responsibility for use of any circuitry described, no circuit patent licenses are implied, and Toshiba reserves 

the right, at any time without notice, to change said circuitry. 
©Feb , 1981 Toshiba Corporation 
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B TOSHIBA MOS MEMORY PRODUCTS 



65,536 WORD X 1 BIT DYNAMIC RAM 

N-CHANNEL SILICON GATE MOS 



TMM4I64C-3 
TMM4I64C-4 



DESCRIPTION 

The TMM4164C is the new generation dynamic 
RAM organized 65,536 words by 1 bit, it is successor 
to the industry standard TMM416D/P 

The TMM4164C utilizes TOSHIBA'S double poly 
N-channel Silicon gate process technology as well as 
advanced circuit techniques to provide wide operating 
margins, both internally and to the system user 



Multiplexed address inputs permit the TMM4164C 
to be packaged in a standard 16 pin ceramic DIP 
This package size provides high system bit densities 
and is compatible with widely available automated 
testing and insertion equipment 

System oriented features single power supply of 5V 
include ± 10% tolerance, direct interfacing capability 
with high performance logic families such as Schottky 
TTL 



FEATURES 

» 65,536 words by 1 bit organization 
> Fast access time and cycle time 



DEVICE 



TMM4164C-3 



tRAC 



150 ns 



tRC 



320 ns 



330 ns 



TMM4164C-4 | 200 ns , oou ..a 

Single power supply of 5V± 10% with a built-in 
V BB generator 

Low power, 275mW operating (MAX ) 
27 5mW standby (MAX ) 



Industry standard 16 pin ceramic DIP 
Output unlatched at cycle end allows two-dimen- 
sional chip selection 

Common I/O capability using "EARLY WRITE" 
operation 

Read-Modify-Wnte, RAS-only refresh and Page 
Mode capability 

All inputs and output TTL compatible 
128 refresh cycles/2ms 



PIN CONNECTION (top view) 



PIN NAMES 



NC C 1 

Din C2 

WRITE C 

RASC 



A 
A 2 
A, 



3 
4 
5 
d6 



C8 



16 3 V S s 
15 3 CAS 
14 3 Dout 
13 J A 6 

12:A 3 

11 3 A 4 
10 3 A s 

9]A 7 



A ~A 7 


Address Inputs 


CAS 


Column Address Strobe 


D| N 


Data In 


NC 


No — Connection 


D OUT 


Data Out 


RAS 


Row Address Strobe 


WRITE 


Read/Write Input 


Vcc 


Power (+5V) 


Vss 


Ground 



BLOCK DIAGRAM 



oVcc 

>v ss 



7^> 



No 2 CLOCK h 
GENERATOR 



ROW 

ADDRESS 

BUFFERS (8) 



No. 1 CLOCK 
GENERATOR 



COLUMN 

ADDRESS 

BUFFERS (8) 



DATA IN 
BUFFER 



DATA OUT 
BUFFER 



°D OU T 



COLUMN 
DECODER 



MEMORY 
ARRAY 



SENSE AMP 
I/O GATING 
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ABSOLUTE MAXIMUM RATINGS 



ITEM 


SYMBOL 


RATING 


UNITS 


NOTES 


Input and Output Voltage 


V IN, V OUT 


-1-7 


V 




Power Supply Voltage 


Vcc 


-1-7 


V 




Operating Temperature 


T OPR 


0-70 


°C 




Storage Temperature 


T STG 


-55 - 1 50 


°C 




Soldering Temperature Time 


"•"solder 


260 10 


°C sec 




Power Dissipation 


p D 


1 


W 




Short Circuit Output Current 


'out 


50 


mA 





RECOMMENDED DC OPERATING CONDITIONS (Ta = ~ 70°C) 



SYMBOL 


PARAMETER 


MIN 


TYP 


MAX 


UNITS 


NOTES 


Vcc 


Supply Voltage 


45 


50 


55 


V 


2 


V| H 


Input High Voltage 


2 4 




65 


V 


2 


V| L 


Input Low Voltage 


-1 




08 


V 


2 



DC ELECTRICAL CHARACTERISTICS (V cc =5V±10%, Ta = 0~70°C) 



SYMBOL 


PARAMETER 


MIN 


TYP 


MAX 


UNITS 


NOTES 


'cci 


OPERATING CURRENT 

Average Power Supply Operating Current 

(RAS, CAS Cycling t RC =t RC MIN 






50 


mA 


3,4 


>CC2 


STANDBY CURRENT 

Power Supply Standby Current 

(RAS = V|H, Dqut = H'Qh Impedance) 






5 


mA 




!CC3 


REFRESH CURRENT 

Average Power Supply Current, Refresh Mode 

(RAS Cycling, CAS =V, H t RC =t RC MIN 






40 


mA 


3 


!CC4 


PAGE MODE CURRENT 

Average Power Supply Current, Page Mode 

(RAS = V| L , CAS Cycling t PC =t PC MIN 






40 


mA 


3,4 


'ML) 


INPUT LEAKAGE CURRENT 

Input Leakage Current, any Input (0V - V|n ^ 6 5V, 

All Other Pins Not Under Test = 0V) 


-10 




10 


ma 




>0(U 


OUTPUT LEAKAGE CURRENT 
(Dqut is disabled, 0V ^ v 0U t ^ +5 5V) 


-10 




10 


M A 




V H 


OUTPUT LEVEL 

Output "H" Level Voltage (Iout = —5mA) 
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V 




Vol 


OUTPUT LEVEL 

Output "L" Level Voltage (l 0UT =4 2mA) 






04 


V 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(V cc = 5V ± 10%, Ta = ~ 70°C) (Notes 5, 6, 7) 



SYMBOL 


PARAMETER 


TMM4164C-3 


TMM4164C^ 


UNITS 


NOTES 


MIN 


MAX 


MIN 


MAX 


*RC 


Random Read or Write Cycle Time 


320 




330 




ns 




tRWC 


Read-Write Cycle Time 


320 




350 




ns 




*RMW 


Read-Modify-Wnte Cycle Time 


320 




405 




ns 




tpc 


Page Mode Cycle Time 


170 




225 




ns 




*RAC 


Access Time from RAS 




150 




200 


ns 


8, 10 


tCAC 


Access Time from CAS 




100 




135 


ns 


9, 10 


tOFF 


Output Buffer Turn-Off Delay j 


40 





50 


ns 


11 


tT 


Transition Time (Rise and Fall) 3 35 


3 


50 


ns 


6 


*RP 


RAS PrechargeTime 100 




120 




ns 




*RAS 


RAS Pulse Width 


150 


10,000 


200 


10,000 


ns 




tRSH 


RAS Hold Time 


100 




135 




ns 




tCSH 


CAS Hold Time 


150 
100 


10,000 


200 




ns 




tCAS 


CAS Pulse Width 


135 


10,000 


ns 




t RCD 


RAS to CAS Delay Time 25 


50 


30 


65 


ns 


12 


tCRP 


CAS to RAS Precharge Time i 









ns 




USR 


Row Address Set-Up Time 









ns 




fRAH 


Row Address Hold Time 


20 




25 




ns 




Use 


Column Address Set-Up Time 


-5 




-5 




ns 




tCAH 


Column Address Hold Time 


45 




55 




ns 




Ur 


Column Address Hold Time 
Referenced to RAS 


95 




120 




ns 




tRCS 


Read Command Set-Up.Time ! 





ns 




tRCH 


Read Command Hold Time 









ns 




%CH 


Write Command Hold Time i 45 




55 




ns 




t\A/CR 


Write Command Hold Time q,- 
Referenced to RAS ', 




120 




ns 




twp 


Write Command Pulse Width 


45 




55 




ns 




tRWL 


Write Command to RAS Lead Time 


50 




70 




ns 




tCWL 


Write Command to CAS Lead Time 


50 




70 




ns 




*DS 


Data-in Set-Up Time 



45 





55 




ns 
ns 
ns 


13 


tDH 


Data-in Hold Time 






__ 13 


*DHR 


Data-in Hold Time Referenced to RAS 


95 




120 


tCP 


CAS Precharge Time (for Page Mode 
Cycle Only) 


60 




80 




ns 




*REF 


Refresh Period 




2 


-10 


2 


ms 
ns 




fWCS 


Write Command Set-Up Time 


-10 


14 


tcWD 


CAS to WRITE Delay 


60 




80 




ns 


14 


t RWD 


RAS to WRITE Delay 


110 




145 




ns 


14 
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• READ CYCLE 



RAS V m 

V| L 



CAS V )H . 



ADDRESSES V IH - 



WRITE V, H 



°OUT V ° H " 

vol 



r 



ROW 
ADDRESS 



'O: 



COLUMN 
ADDRESS 



J 



:rj 



\ 



^ VALID C 



> 

\//^ Don't Care 



• WRITE CYCLE (EARLY WRITE) 




ADDRESSES 



LZ3 Don't 
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• READ-WRITE/READ-MODIFY-WRITE CYCLE 



V|H~ 
V| L - 



\ 



ADDRESSES 



^ 



tRAH , t ASC 



V IL ///Nr- ADDRESS 



COLUMN 
ADDRESS 



w 



-tRSH- 
-^SH- 
-tCAS- 



mz 



v_ 



\ / 



WL 



VALID DATA 



> 



WK^MMMZMA 

f/fy Don't Care 



• "RAS-ONLY" REFRESH CYCLE 



ADDRESSES 



v, H — 77 



s. 



ROW ADDRESS 



if 



v 



V H 

DOUT VoL __- 



Note: CAS = V m WRITE = Don't Care 
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• PAGE MODE READ CYCLE 



RAS V|H - 

V|L- 



V|H " 



DoUT V OH " 

vol - 



WRITE V IH — ~ff/ 




ADDRESSES V, H -^^^COD 
V| L - 



• PAGE MODE WRITE CYCLE 



ADDRESSESES IH 
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CAPACITANCE 
(V CC =5V±10%, f=1MHz, Ta = 0~70°C) 



SYMBOL 


PARAMETER 


MIN 


TYP. 


MAX. 


UNITS 


C|i 


1 nput Capacitance ( A ~ A 7 , D in ) 




4 


5 


pF 


C| 2 


Input Capacitance (RAS, CAS, WRITE) 




8 


10 


pF 


Co 


Output Capacitance (Dqut) 




5 


7 


pF 



NOTES 

1 Stresses greater than those listed under "Absolute Maximum Ratings" may cause permanent damage to the device 

2 All voltages are referenced to Vss 

3 'cc i < >CC3 . !cC4 depend on cycle rate 

4 Ice i - !cC4 depend on output loading Specified values are obtained with the output open 

5 An initial pause of 100jus is required after power-up followed by any 8 RAS cycles before proper device operation is achieved 

6 AC measurements assume tj = 5ns 

7 V| H (mm ) and V| L (max ) are reference levels for measuring timing of input signals Also, transition times are measured be- 
tween Vih and Vil 

8 Assumes that tRCD = tRCD ( max ) If tRCD is greater than the maximum recommended value shown in this table, tRAC Wl| l 
increase by the amount that tRCD exceeds the value shown 

9 Assumes that tRCD = *RCD ^ max ) 

10 Measured with a load equivalent to 2 TTL loads and 100pF 

1 1 tQFF ( max ) defines the time at which the output achieves the open circuit condition and is not referenced to output voltage 
levels 

12 Operation within the t RCD (max) limit insures that t RAC (max ) can be met t RC D ( m ax ) is specified a reference point only 
If tRCD ls greater than the specified tRco (max ) limit, then access time is controlled exclusively by tcAC 

13 These parameters are referenced to CAS leading edge in early write cycles and to WRITE leading edge in delayed write or read- 
modify -write cycles 

14 twes- fcwD an d tRWD are not restrictive operating parameters They are included in the data sheet as electrical characteristics 
only If twes = twes ( min )< tr,e cycle is an early write cycle and the data out pin will remain open circuit (high impedance) 
throughout the entire cycle 

If tcWD = fcWD ( mm ) a nd tRWD = tRWD ( min ). trie cycle is a read-write cycle and the data out will contain data read from 
the selected cell If neither of the above sets of conditions is satisfied, the condition of the data out (at access time) is indeter- 
minate 



APPLICATION INFORMATION 

ADDRESSING 

The 16 address bits required to decode 1 of the 
65,536 cell locations within the TMM4164C are 
multiplexed onto the 8 address inputs and latched 
into the on-chip address latches by externally apply- 
ing two negative going TTL-level clocks 

The first clock, the Row Address Strobe (RAS), 
latches the 8 row address bits into the c hip The sec- 
ond clock, the Column Address Strobe (CAS), subse- 
quently latches the 8 colu mn a ddres s bit s mto the 
chip Each of these signals, RAS, and CAS, triggers a 
sequence of events which are controlled by different 



delayed internal clocks 

The two clock chains are linked together logically 
in such a way that the address multiplexing operation 
is done outside of the critical path timing sequ ence 
for read data access The later events in the CAS 
clock sequence are inhibited until the o ccurence of a 
delayed sig nal d erived from the R AS c lock chain 
This "gated CAS" feature allows the CAS clock to be 
externally activated as soon as the Row Address Hold 
Time specification (t RAH ) has been satisfied and the 
address inputs have been changed from Row address 
to Column address information 
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DATA INPUT/OUTPUT 

Data to be written into a selected cell is latcnea 
into an o n-chip regis ter by a combination of WRITE 
and CAS w hile RAS is active The later of the signals 
(WRITE or CAS) to make its negative transition is the 
strobe for the Data In (D| N ) register This permits 
several optio ns in the write cycle timing In a write 
cycle, ifjhe WRITE input is brought low (active) 
prior to CAS, the Q N is strobed by CAS and the set- 
up and hold times are re feren ced to CAS. If the input 
data is not available at CAS time or if it is desired 
that the cycle be a read-wr ite c ycle the WRITE signal 
will be delayed until after CAS has made its negative 
transition In this "delayed write cycle" the data 
input set-up and hold t imes are re feren ced to the 
negative edge of WRITE rather than CAS (To illus- 
trate this feature, D ]N is referenced to WRITE in the 
timing diagrams depicting the read-write and page 
mode write cycles while the "earl y write" cycle dia- 
gram shows D| N referenced to CAS) 

Data is retrie ved from the memory in a read cycle 
by maintaining WRITE in the inactive or high state 
thro ughout the portion of the memory cycle in which 
CAS is active (low) Data read from the selected cell 
will be available at the output within the specified 
access time 

DATA OUTPUT CONTROL 

The normal condition of the Data Output (Gout) 
of the TMM4164C is the high impedance (open cir- 

OUTLINi DRAWINGS 



cuit) state That is to say, anytime CAS is at a high 
level, the D ut P in will be floating The only time 
the output will turn on and contain either a logic or 
logic 1 is at access time during a read cycle D ut 
will remain valid from access time until CAS is taken 
back to the inactive (high level) condition 

PAGE MODE 

The "Page-Mode" feature of the TMM4164C al- 
lows for successive memory operations at multiple 
column locations of the same row address with 
increased speed without an increase in power This is 
done by strobin g th e row address into the chip and 
maintaining the RAS signal at a logic throughout all 
successive memory cycles in which the row address is 
common This "Page-Mode" of operation will not 
dissipate the power associated with the negative going 
edge of RAS Also, the time required for strobing in 
a new row address is eliminated, thereby decreasing 
the access and cycle times 

REFRESH 

Refresh of the dynamic cell matrix is accomplished 
by performing a memory cycle at each of the 1 28 row 
address (A ~ A 6 ) within each 2 millisecond time 
interval Although any normal memory cycle will 
perform the refresh operation, this function is most 
easily accomplished with "RAS -only" cycles, RAS 
only refresh results in a substantial reduction in 
operating power This reduction in power is reflected 
in the l CC3 specification 




Note Each lead pitch is 2 54 mm All leads are located within 25 mm of their true longituc 
nal position with respect to No 1 and No 16 leads 
All dimensions are in millimeters 
Note Toshiba does not assume any responsibility for use of any circuitry described, no circ 
the right, at any time without notice, to change said circuitry 
©Mar ,1981 Toshiba Corporation 



s are implied, and Toshiba reserves 
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Static Random Access Memories 
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a TOSHIBA MOS MEMORY PRODUCTS 



1024 WORD x 4 BIT STATIC RAM 



N CHANNEL SILICON GATE DEPLETION LOAD 



TMM3I4AP 

TMM3I4AP-I 

TMM3I4AP-3 



TMM3 I 4APL 

TMM3I4APL-I 

TMM3I4APL-3 



DESCRIPTION 

TMM314AP family is 1024 word x 4 bit high 
speed read write memories operated with 5 V single 
power supply The memories with 6 Tr cells are 
static in operation and require no clocks or refresh 
period and suitable for use in microprocessor applica- 
tion systems where high performance, low cost, sim- 
ple interfacing are important design objectives 

TMM314AP family is able to be connected to 



TTL directly and to drive 1 STTL or 5 LSTTLS 

TMM314AP family is fabricated with N channel 
silicon gate depletion load type MO$ technology by 
ion implantation for fast speed, stable performance 
and reliability 

The chip is moulded in the standard 18 pin plastic 
package of 3 inch width for low cost and high den- 
sity assembly 



FEATURES 

> Fully decoded 1024 word x 4 bit organization 

> Static operation — No clocks or refresh period 

> Single 5V supply voltage — Vcc = 5V ± 10% 

> Easy memory expansion — CS input 

> Three state output — Wired OR tie capability 

> Inputs and outputs directly TTL compatible 
» Data input/output terminal is common 

» Input protected — All inputs have protection 

against static charge 
• 21 14 Type Pin compatible 



Low Power dissipation and Access time 
Power and Access time (maximum value) 





Access time 


Power 


TMM314AP-1 


200 ns 


550 mW 


TMM314AP-3 


300 ns 


550 mW 


TMM314AP 


450 ns 


550 mW 


TMM314APL-1 


200 ns 


385 mW 


TMM314APL-3 


300 ns 


385 mW 


TMM314APL 


450 ns 


385 mW 



FIN CONNECTION CTOF VIEW) 



BLOCK DIAGRAM 



A 6 [ 1 
As [ 2 
A 4 C 3 
A 3 [ 4 
Ao [ 5 
Ai £ 6 
A 2 L" 7 
CS [ 8 
GND[ 9 



?m NAMES 



18 ] Vcc 

16 ] A 8 
15] A 9 
14 3 I/Oj 
13 D I/Oa 
12 1 I/O3 
1 1 ] I/O4 
10 ]WE 



A 4 _ 
A S - 
A 6 - 
A 7 _ 
A 8 - 
A 9 - 





Row 
Decoder 




N^ 




^ 


s* 








^ 



Ao ~A* 


Column Address Inputs 


A 4 ~ A 9 


Row Address Inputs 


I/0i~I/0 4 


Data Input/Output 


CS 


Chip Select Input 


WE 


Write Enable Input 


vcc 


Supply Voltage 


GND 


Ground 



Memory cell array 
64 x 64 



-vcc 

- GND 
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maximum ratings 



SYMBOL 


ITEM 


RATING 


UNIT 


vcc 


Supply Voltage 


-05-70 


V 


V|/0 


Input/Output Voltage 


-0 5-7.0 


V 


TOPR 


Operating Temperature 


0-70 


°C 


TSTG 


Storage Temperature 


-55 - 1 50 


°C 


TSOLDER 


Soldering Temperature • Time 


260 • 10 


°C sec 


PD 


Power dissipation (Ta = 70°C) 


850 


mW 



0€ RECOMMENDED DEBATING CONDITIONS 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN 


TYP. 


MAX. 


UNIT 


V|H 


Input High Voltage 


- 


2.0 


- 


vcc 


V 


V|L 


Input Low Voltage 


- 


-0 5 


- 


08 


V 


vcc 


Supply Voltage 


- 


45 


5 


5.5 


V 



DC CHARACTERISTICS (Ta * - 70°C) 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN. 


TYP.* 


MAX. 


UNIT 


l|H 


Input High Current 


V| N =5.50V 


- 


- 


10 


MA 


IlL 


Input Low Current 


V|N =0V 


- 


- 


-10 


ma 


VOH 


Output High Voltage 


'SOURCE = -1 mA 


2.4 


28 


- 


V 


VOL 


Output Low Voltage 


'SINK = 2.1 mA 


- 


15 


04 


V 


'OH 


Output High Current 


V UT = 2.4V 


-1.0 


-5.5 


- 


mA 


lOL 


Output Low Current 


VOUT = 0.4V 


2 1 


65 


- 


mA 


lLO 


Output Leakage Current 


CE =V|HorWE =V||_ 
V0UT= 0.4 V -V C C 


- 


- 


±10 


juA 


•CC1 


Supply Current 


TMM314A 

PL/PL-1/PL-3 
IOUT = 0mA 


25°C 


- 


50 


64 


mA 


0°C 


- 


- 


70 


'CC2 


Supply Current 


TMM314A 

P/P-1/P-3 
IQUT =0 mA 


25°C 


_ 


70 


90 


mA 


0°C 


- 


- 


100 



1 Ta = 25°C, V cc = 5V 
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AC CHARACTERISTICS fFa * ~ 70°C, V C C * &V ± 10%, Cl * 100pF, t r , tf < 10 ns* 

READ CYCLE 



SYMBOL 


PARAMETER 


TMM314AP-1/APL-1 


TMM314AP-3/APL-3 


TMM314AP/APL 


UNIT 


MIN 


MAX. 


MIN 


MAX 


MIN | MAX 


tRC 


Read Cycle Time 


200 


- 


300 


- 


450 


- 


ns 


tACC 


Access Time 


- 


200 


- 


300 


- 


450 


ns 


tco 


Chip Select Time 


- 


70 


I 100 


I 100 


ns 


tcx 


Output Active from CS 


20 


- 


20 j 


20 | 


ns 


tOD 


Chip Deselect Time 





40 


! 80 


I 100 


ns 


tQH 


Output Hold from Address Change 


20 


- 


20 | 


20 


- 


ns 



WRITE CYCLE 



SYMBOL 


PARAMETER 


TMM314AP-1/APL-1 


TMM314AP-3/APL-3 


TMM314AP/APL 


UNIT 


MIN 


MAX 


MIN 


MAX 


MIN 


MAX 


twc 


Write Cycle Time 


200 


- 


300 


- 


450 


- 


,«-n§,i 


twp 


Write Pulse Width 


120 


- 


150 


- 


200 


— ns 


*WR 


Write Recovery Time 





- 





- 





- 


ns 


*ODW 


Output High Z from WE 


i 40 





80 





100 


ns 


*DS 


Data Setup Time 


120 


- | 


150 


- 


200 


- 


ns 


*DH 


Data Hold Tome 





- 





- 





- 


ns 


*AW 


Address to Write Setup Time 


30 


- 


30 


- 


30 


- 


ns 



CAPACITANCE (Ta * 25°C, f = 1 MHz) 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN 


TYP. 


MAX 


UNIT 


C|N 


Input Capacitance 


V| N = AC Ground 


- 


- 


5 


PF 


c OUT 


Output Capacitance 


v OUT =AC Ground 


- 


- 


5 


PF 



Note This parameter is periodically sampled and not 100% tested 
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TIMING WAVEFORMS 
READ CYCLE 



WRITE CYCLE 



v 1L )\ 



V|L- 
VOH 



& 



>C 



HIGH IMPEDANCE 



IS 



*OH hOD 



DATA OUT 
1 5V 1.5V 

VALID 



m>- 



Aq ~A 9 



— V 

K 



,X 



VK" ' 



V|L 
Voh/V|H 



\ 



HIGH IMPEDANCE 



1 5V 
A 



)£ 



ilia 



V 0U /V| L 



f 



T, 



\ STABLE A 



I 5V DON'T CARE 



Note 1 WE is high for a READ CYCLE. 

2 tyyp is measured from the latter of CS or WE going low to 
the earlier of CS or WE going high 
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TYPICAL CHARACTERISTICS 









^ 




^7* 


x^ 


^s^ 







50 100 150 200 250 300 350 400 

C, (pF) 





1 2 
1 1 
1 
09 
08 












tACC 


-Ta 








































































o 
o 






























< 






























Q 






























N 






























< 
2 






























cc 
o 



























































































20 40 60 80 100 120 

Ta (°C) 





























































































u 

1.0 

Q 


































\ 


s 






















N 

-i 0.9 
< 








N 


SJ 
















































Z 0.8 


























































07 































20 40 60 80 100 120 

Ta <°C) 















V| H 


, V 


IL 


-Ta 
































V CC = 5 0V 


2 
































V| H 














1 5 










































v ( , 














1.0 


























































0.5 

























































































20 40 60 80 100 120 

Ta (°C) 













'OL - 


v OL 
































V CC = 5 0V 






























































oO 




^ 






















<& 





















































J 


i- 
























A 


f' 
























A 


t 


V 






















A 


* 



























01 02 03 04 05 06 07 

vol (v) 













'oh - 


v c 


H 






























V CC = 5 0V 
















































































2E 




W 


» 






















7C 


/ 




\° l 
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20 22 24 26 28 30 32 34 

V OH (V) 
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OUTLINE DRAWINGS 



24 23 22 2120 19 18 17 16 15 14 13 




rhrtirprhrprptrpTtirprprprh 



iJj l[j lLi lj-j t-l- i i-l- 1 1 | 4 J i4*4 Jt i || -|- |l -i j : 

1 2 3 4 5 6 7 8 9 10 11 12 
32 4 MAX. 




Note. Each lead pitch is 2 54 mm All leads are located within 25 mm of their 
longitudinal position with respect to No 1 and No 24 leads. 
All dimensions are in millir 



Note: Toshiba does not assume any responsibility for use of any circuitry described, no circuit patent licenses are implied, and Toshiba reserves 

the right, at any time without notice, to change said circuitry 
©Mar , 1980 Toshiba Corporation 
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H TOSHIBA MPS MEMORY PRODUCTS 

TMM3 I 5D 
TMM3I5D-I 



4096 WORD x 1 BIT STATIC RAM 

N CHANNEL SILICON GATE DEPLETION LOAD 



DESCRIPTION 

TMM315D/TMM315D-1 are 4096 word x 1 bit 
read write memories operated with 5V single power 
supply. The memories are static in operation and 
require no clocks or refresh period. This device has 
two types in data access - address access and chip 
select access which are equal and very high speed. 
When CS goes high, this device is deselected and 
changes into the low power standby mode automati- 
cally, and keep its state during the period that CS is 
high Accordingly, this device is suitable for use in 

FEATURES 

• Fully decoded 4096 word x 1 bit organization 

• Static operation — No clocks 

• 5V single power supply 

• Easy memory expansion — CS input 

• Standby feature — CS = Vih 

• I/O separate 

• Three state output 

• Directly TTL compatible 



larger memory system which the majority of devices 
are deselected, and is suitable for use in cache memo- 
ry required very high speed. TMM315D/TMM315D-1 
are directly TTL compatible and its output can drive 
the TTL up to 5. TMM315D/TMM315D-1 are fabri- 
cated with N-channel silicon gate depletion load type 
technology for stable and high performance. The 
chip is mounted in the standard 18 pin package of 0.3 
inch width for low cost purpose. 



Current and Access time (Maximum value) 



PARAMETER 


TMM315D-1 


TMM315D 


Active Current (Max ) 


180 mA 


160 rn A 


Standby Current (Max ) 


30 mA 


20rnA 


Address Access time 


55 ns 


70 ns 


Chip select Access time 


55 ns 


70 ns 



• Pin to pin compatible - i2147/i2147-3 

• Inputs protected — All inputs have protection 
against static charge 



MN CONNECTION (TOFVtEVW 



BLOCK DIAGRAM 



v C c 

H 


A 6 

n 


A 7 
i-i 


A 8 


A 9 

n 


Aio A n 


D, N CS 


* 


17 


16 


15 


14 


13 12 


11 10 


, 


2 


3 


4 


5 


6 7 


8 9 



mm names 



A ~A S 


Row Address inputs 


A 6 ~ Ai , 


Column Address inputs 


Din 


Data input 


DOUT 


Data output 


CS 


Chip select input 


WE 


Write enable input 


Vcc/GND 


Power supply 




■D^ D o 
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OPERATION MODE 



cs 


WE 


Output 


Power 


Mode 


H 


* 


High-Impedance 


Standby 


Deselected 


L 


H 


Data out 


Active 


Read 


L 


L 


High-Impedance 


Active 


Write 



MAXIMUM RATINGS 



SYMBOL 


ITEM 


RATING 


UNIT 


Vcc 


Power supply voltage 


-1 5~70 


V 


V|N,OUT 


Input and output voltage 


-1 5-70 


V 


Topr 


Operating temperature 


0~70 


°C 


Tstrg 


Storage temperature 


-55 ~ 1 50 


°C 


Tsolder 


Soldering temperature • time 


260 10 


°C sec 


Pd 


Power dissipation (Ta = 70°C) 


1 


W 


lout 


DC output current 


20 


mA 



DC OPERATING CONDITIONS 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN. 


TYP. 


MAX. 


UNIT 


V| H 


Input high voltage 





20 


- 


60 


V 


Vil 


Input low voltage 





-1 


- 


08 


V 


Vcc 


Power supply voltage 





45 


50 


55 


V 



DC and OPERATING CHARACTERISTICS 

Ta = ~ 70°C, Vcc = 5.0V± 10% .unless otherwise noted 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN 


TYP 


MAX 


UNIT 


Voh 


Output high voltage 


Isource = — 40 mA 


24 


- 


- 


V 


Vol 


Output low voltage 


Ismk =8 mA 


- 


- 


04 


V 


lOH 


Output high current 


Voh =2 4V 


-4.0 


- 


- 


mA 


lOL 


Output low current 


Vol =0.4V 


80 


- 


- 


mA 


ILI 


Input leakage current 


Vin =0~Vcc 


- 


±001 


±10 


MA 


lLO 


Output leakage current 


Vout = 0~4.5V 
CS = Vm orWE=V| L 


- 


±0 1 


±50 


HA 


Ice 


Operating current 


CS = V| L 
output open 


TMM315D 


- 


- 


160 


mA 


TMM315D-1 


- 


- 


180 


mA 


ISB 


Standby current 


CS = V| H 
output open 


TMM315D 


- 


- 


20 


mA 


TMM315D-1 


- 


- 


30 


mA 


ISBP 


Peak power on current 


CS = V| H 
during power on 


TMM315D 


- 


- 


50 


mA 


TMM315D-1 


- 


- 


70 


mA 



* Typical values are at Vcc = 5.0V, Ta = 25°C. 
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A.C> CHARACTERISTICS 

Ta = ~ 70°C, Vcc = 5V± 10% .unless otherwise noted 
• READ CYCLE 



SYMBOL 


PARAMETER 


TMM315D-1 


TMM315D 


UNIT 


MIN 


MAX 


MIN 


MAX 


tRC 


Read cycle time 


55 


- 


70 


- 


ns 


tACC 


Address access time 


— 


55 
55 


- 


70 


ns 


tCOj 


Chip select access time 1 


- 


70 


ns 


tco 2 


Chip select access time 2 


5 
10 


65 


- 


80 


ns 


tOH 


Output hold from address change 
Chip selection to output in low Z 


— 


5 


- 


ns 


tLZ 


10 


- 


ns 


tHZ 


Chip deselection to output in high Z 





40 





40 


ns 


tPU 


Chip selection to power up time 





- 





- 


ns 


tPD 


Chip deselection to power down time 


- 


30 


- 


30 


ns 



• WRITE CYCLE 



SYMBOL 


PARAMETER 


TMM315D-1 


TMM315D 


UNIT 


MIN 


MAX 


MIN 


MAX 


twc 


Write cycle time 


55 


- 


70 


- 


ns 


tew 


Chip selection to end of write 


45 


< — 2 — 


55 


- 


ns 


tAW 


Address valid to end of write 


45 


55 


- 


ns 


tAS 


Address set up time 





- 





- 


ns 


twp 


Write pulse width 


35 
10 


- j 


40 


- 


ns 


tWR 


Write recovery time 


- 


15 


- 


ns 


tDS 


Data set up time 


25 


- 


30 


- 


ns 


tDH 


Data hold time 


10 


- 


10 


- 


ns 


tODW 


Write enable to output in high Z 





30 ^ 





35 


ns 


two 


Output active from end of write 





- 





- 


ns 



AC TEST CONDITIONS 



Input pulse levels 


0-3 5V 


Input rise and fall times 


10 ns 


Input and output timing reference levels 


1 5V 


Output load 


See Fig 1 



> 510£~2 



CAPACITANCE (Ta * 25* C, f - 1.0 Mm} 



300 12 e -r- 

777 777 

Fig. 1 Output load 



SYMBOL 


PARAMETER 


MAX. 


UNIT 


Cin 


Input capacitance 


5 


PF 


CfJUT 


Output capacitance 


7 


PF 



This parameter is periodically sampled and is not 100% tested 
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TOSHIBA 



TIMING WAVEFORMS 




DC 



T St 



x: 



± 



Note (1 ) Addresses are to valid prior to or coincident with CS transition low. 

(2) tcol Chip is deselected for a time that is greater than 55 ns prior to selectn 
tco2 Chip is deselected for a time that is less than 55 ns prior to selection 



OUTLINE DRAWINGS 



nnnnnnnnn 



Each lead pitch is 2 54 mm All 
leads are located within 25 mm of 
their true longitudinal position with 
respect to No. 1 and No 18 leads. 
All dimensions are in millimeters 



) 


X 

< 

2 






UUl^UULJLJLJU 

23 2 MAX 






Note Toshiba does not assume any responsibility for use of any circuitry described, no circuit patent licenses are implied, and Toshiba reserves the 

right, at any time without notice, to change said circuitry. 
©Mar , 1981 Toshiba Corporation 
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B TOSHIBA MOS MEMORY PRODUCTS 



2048 WORD X 8 BIT STATIC RAM 

N CHANNEL SILICON GATE DEPLETION LOAD 



TMM20 I 6P 
TMM20 I 6P- I 
TMM20 I 6P-2 



DESCRIPTION 

The TMM2016P is a 16384-bit static random ac- 
cess memory organized as 2048-words by 8-bits and 
operates from a single 5V power supply Common 
8-bit input/output, output enable (OE) and pin-com- 
patibihty with 2716 type EPROM (TMM323D) allow 
a wide application in microprocessor peripheral 
memory 

In memory expansion, low power application is 
possible by using the chip select input (CS) When CS 



is in V| H level, the device is in low power standby 
mode 

TMM 2016P is fabricated with ion implanted N- 
channel silicon gate technology This technology pro- 
vides high performance and high reliability The chip 
is moulded in a 24 pin standard plastic package, 6 
inch in width 



FEATURES 

• Pin compatible with 2716 type EPROM 

• Single 5V supply - V C c = 5V ± 10% 

• Access time and current 



~~ ~~— — — ___ 


TMM2016P 


TMM2016P-1 


TMM2016P-2 


Access time (MAX ) 


150 ns 


100 ns 


200 ns 


Operating current (MAX ) 


100mA 


120mA 


140mA 


Standby current (MAX ) 


15mA 


15mA 


30mA 



Power down feature — CS 



PtNCOTOECTlOW 



A 7 c 
A 6 C 
A 5 C 
A 4 C 
A 3 C 
A 2 C 
A 1 C 
Ao C 

i/o,n 

i/o 2 

i/o 3 

GND 




PIN HAMES 



SYMBOL 


NAME 


A ~A 3 


Column Address Inputs 


A 4 ~A 10 


Row Address Inputs 


CS 


Chip Select Input 


WE 


Write Enable Input 


l/0 1 H/0 8 


Data Input/Output 


OE 


Output Enable Input 


Vcc 


Power (5V) 


GND 


Ground 



• Output buffer control - OE 

• Easy memory expansion — CS 

• Static operation - No clock or timing strobe re- 
quired 

• Directly TTL compatible - All inputs and outputs 

• Common data input and output 

• Three state outputs - Wired OR capability 

• Inputs protected — All inputs have protection 

against static charge 

BLOCK DIAGRAM 
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MAXIMUM RATINGS 



SYMBOL 


ITEM 


RATING 


UNIT 


Vcc 


Power Supply Voltage 


-05-70 


V 


V IN, OUT 


Input and Output Voltage 


-05-70 


V 


TOPR. 


Operating Temperature 


0~70 


°C 


T STG 


Storage Temperature 


-55-150 


°C 


TsOLDER 


Soldering Temperature • Time 


260 10 


°C sec 


P D 


Power Dissipation (Ta = 70°C) 


1 


W 



D.C. RECOMMENDED OPERATING CONDITIONS (Ta = - 70°C) 



SYMBOL 


PARAMETER 


MIN 


TYP 


MAX 


UNIT 


V| H 


Input High Voltage 


22 


— 


V CC + 1 o 


V 


V, L 


Input Low Voltage 


-0 5 


— 


08 


V 


Vcc 


Supply Voltage 


45 


50 


55 


V 



D.C. CHARACTERISTICS (Ta = - 70°C, V C c = 5V ± 10%) 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN 


TYP 


MAX 


UNIT 


l|L 


Input Leakage Current 


V !N =0-5 5V 


- 


- 


±10 


juA 


>OH 


Output High Current 


V UT = 2 4V 


-1 


- 


- 


mA 


lOL 


Output Low Current 


V O UT=0 4V 


21 


- 


- 


mA 


V H 


Output High Voltage 


I UT=-1 0mA 


24 


- 


- 


V 


Vol 


Output Low Voltage 


Iqut = 2 1mA 


- 


- 


04 


V 


Ilo 


Output Leakage Current 


CS = V )H orWE = V| L orOE = V| H 
VoUT = ~ Vcc 


- 


- 


±10 


HA 


*ISBP 


Peak Power-on Current 


cs = v cc 

Iqut -0mA 
during power on 


TMM2016P/P-1 


_ 


__ 


30 


mA 


TMM2016P-2 


- 


- 


45 


mA 


'SB 


Standby Current 


CS=V, H 
Iqut =0mA 


TMM2016P/P-1 


- 


- 


15 


mA 


TMM2016P-2 


- 


- 


30 


mA 


•cc 


Operating Current 


CS-V IL 
Iqut -0mA 


TMM2016P 


- 


- 


100 


mA 


TMM2016P-1 


- 


- 


120 


mA 


TMM2016P-2 


- 


- 


140 


mA 



♦Note Ice exceeds IgB maximum during power on. A pull-up resistor to Vrjc on tne cs input is required to keep the device deselected, otherwise, 
power-on current approaches l^c active. 



► CAPACITANCE (Ta = 25°C, f = 1 MHz) 



SYMBOL 


PARAMETER 


CONDITIONS 


MAX 


UNIT 


C|N 


Input Capacitance 


V|n = A C Ground 


5 


pF 


COUT 


Output Capacitance 


v out = A C Ground 


10 


pF 



* Note This parameter is periodically sampled and is not 100% tested 
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A.C. CHARACTERISTICS (Ta = ~ 70° C, V CC 
READ CYCLE 



= 5V ± 10%) 



SYMBOL 


PARAMETER 


TMM2016P 


TMM2016P-1 


TMM2016P-2 


UNIT 


MIN 


MAX 


MIN 


MAX 


MIN 


MAX 


t RC 


Read Cycle Time 


150 


- 


100 


- 


200 


- 


ns 


Ucc 


Address Access Time 


- 


150 


- 


100 


- 


200 


ns 


tco 


Chip Select Access Time 


- 


150 


- 


100 


- 


200 


ns 


tOE 


Output Enable Time 


- 


55 


- 


35 


- 


55 


ns 


tOH 


Output Hold Time from Address Change 


10 


- 


10 


- 


10 


- 


ns 


fCLZ 


Output in Low-Z from CS 


10 


- 


10 


- 


10 


- 


ns 


*CHZ 


Output in High-Z from CS 


- 


55 


- 


40 


- 


55 


ns 


tfJLZ 


Output in Low-Z from OE 


5 


- 


5 


- 


5 


- 


ns 


t OHZ 


Output in High-Z from OE 


- 


50 


- 


35 


- 


50 


ns 


tpu 


Chip Selection to Power up Time 





- 





- 





- 


ns 


tPD 


Chip Deselection to Power down Time 


- 


60 


- 


50 


- 


60 


ns 



WRITE CYCLE 



SYMBOL 


PARAMETER 


TMM2016P 


TMM2016P-1 


TMM2016P-2 


UNIT 


MIN 


MAX 


MIN 


MAX 


MIN 


MAX 


twc 


Write Cycle Time 


150 


- 


100 


- 


200 


- 


ns 


tew 


Chip Selection to End of Write 


120 


- 


90 


- 


150 


- 


ns 


*AS 


Address Set up Time 


20 


- 


20 


- 


20 


- 


ns 


twp 


Write Pulse Width 


100 


- 


70 


- 


120 


- 


ns 


%R 


Write Recovery Time 


10 


- 


10 


- 


10 


- 


ns 


tDS 


Data Set up Time 


60 


- 


40 


- 


60 


- 


ns 


t DH 


Data Hold Time 


15 


- 


10 


- 


15 


- 


ns 


%LZ 


Output in Low-Z from WE 


5 


- 


5 


- 


5 


- 


ns 


%HZ 


Output in High-Z from WE 


- 


50 


- 


35 


- 


50 


ns 



A,C. TEST CONDITIONS 



Input Pulse Levels 


0-35 V 


Input Rise and Fall Times 


10ns 


Input and Output Timing Reference Levels 


1 5V 


Output Load 


See Note 



Note Output Load — 1TTL Gate and C L = 100pF 
(Including scope and jig) 
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TIMING WAVEFORMS 



(A) READ CYCLE (1) 



3( 



D OUT 



3( 



\r- t OE - 



OUTPUT DATA VALID 



UNKNOWN 



J- 



(B) READ CYCLE (2) 



"V 



ICC - 
SUPPLY , SB 



J" 



ir 



OUTPUT DATA VALID 



"V 



(C) WRITE CYCLE (1) 



)C 



5\ 



X 



T5 



z2 



TS 



^L_ 



J- 



\( DATA IN STABLE ^Q 
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(D) WRITE CYCLE (2) 



X 



>( 



U-tAS-* 



^^ 



51. 



J- 



HIGH IMPEDANCE 



3( 



DATA IN STABLE 



yt 



'Note READ CYCLE (1) - WE IS high for Read Cycle 

Device is continuously selected, CS = V| |_ 
READ CYCLE (2) — AM addresses are valid prior to or coincident with CS transition low 

WE is high for Read Cycle OE=V| L 
WRITE CYCLE (2) - OE = V| L 
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OUTLINE DRAWINGS 



24 23 22 2120 19 18 17 16 15 14 13 



rhrtirtirtirprptrpTtirfirprp nh. 




lLi lLi lLi l|_i l|j i_|j | l|j l|jlJj lJj L-L l~C^r 

1 2 3 4 5 6 7 8 9 10 11 12 









32 4 MAX 


X 

< 

in 


10° 

'7* 




Y . 












III II If I I II f I 


2 54 ±0 25 | 


II 1 4±0.15 


Z 






05 + 015 







15 24 TYP 




Note Each lead pitch is 2 54 mm All leads are located within 25 mm of their 
longitudinal position with respect to No 1 and No 24 leads 
All dimensions are in millimeters 



Note Toshiba does not assume any responsibility for use of any circuitry described, no circuit patent licenses are implied, and Toshiba reserves 

the right, at any time without notice, to change said circuitry 
©Mar., 1981 Toshiba Corporation 

PRELIMINARY 

Characteristics are subject to change without notice 
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CMOS Static Random Access Memories 
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■ TOSHIBA MOS MEMORY PRODUCTS 



256 WORD x 4 BIT CMOS RAM 

SILICON GATE CMOS 



TC550 I P/- I 
TC550 I D/- I 



DESCRIPTION 

The TC5501P/D is a fully static read write memory 
organized as 256 words by 4 bits using CMOS tech- 
nology Because of ultra low power dissipation, the 
TC5501P/D can be used as battery operated portable 
memory system and also as a nonvolatile memory 
with battery back up The TC5501 P/D operates from 
a single 5V power supply with a static operation, so 
that the no refresh periods are required. This simpli- 
fies the power supply circuit design 



The three state outputs simplify the memory ex- 
pansion making the TC5501P/D suitable for use in a 
microprocessor peripheral memory Since the mini- 
mum data retention voltage is 2V, the battery back 
up system needsonly simple circuit By using Toshiba's 
original C 2 MOS technology, the device circuitry is 
not only simplified but wide operating margin and 
noise margin are also realized 

The TC5501 P/D is offered in standard 22 pin plastic 
and cerdip packages, 4 inch in width 



FEATURES 

• Low Power Dissipation 

• 55/iW (MAX ) STANDBY 

• 83mW (MAX ) OPERATING 

• Single 5V Power Supply 

• Data Retention Voltage 2V to 5 5V 

• Package 

• Plastic DIP TC5501P 

• Cerdip DIP . TC5501D 

PIN CONNECTION 



(TOP VIEW) 



A 3 C 

A 2 r_ 

AlC 

AoC 

A S C 

A 6 C 

A 7 C 

GNDC 

D IN1C 

D OUTlC 

D IN2C 



2 :v DD 

21 ]A 4 
20 ] R/W 
19]CE~i 
18 ] OD 
17 ]CE 2 
16 ]D UT4 
15 ]D| N4 
14 ]D UT3 
13]D| N3 
12 HDOUT2 



PIN NAMES 



A ~A 7 


Address Inputs 


R/W 


Read Write Input 


CEi , CE 2 


Chip Enable Inputs 


D|N1 ~4 


Data Inputs 


D0UT1 ~4 


Data Outputs 


OD 


Output Disable Input 


V DD /GND 


Power Supply Terminals 



» Fully static operation 

» Three State Output 

» Input/output, TTL Compatible 

» Access Time 
TC5501P/D , tACC^ 450ns 
TC5501P-1/D-1, tACC^ 650ns 

BLOCK DIAGRAM 



(MAX.) 
(MAX ) 



A 2 c 
A 3 c 
A 4 c 



CE!0- 



Memory Cell Array 
32 x 32 



>V DD 
3 GND 




R/W 
D|N1< 
D| N2 < 
D|N3<H Q 8 
D| N4 o- 






Column Decoder 



Address Buffers 



ODO 



D OUT1 
D OUT2 

| ' t^-o°OUT3 

D OUT4 



A 5 A 6 A 7 
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MAXIMUM RATINGS 



SYMBOL 


ITEM 


RATING 


UNITS 


V D D 


Power Supply Voltage 


-03-70 


V 


V,n 


Input Voltage 


-0 3~ V DD +03 


V 


V OUT 


Output Voltage 


o~v DD 


V 


p d 


Power Dissipation (Ta = 85°C) 


800 


mW 


T SOLDER 


Soldering Temperature Time 


260-10 


°C sec 


T STG 


Storage Temperature 


-55 ~ 1 50 


°C 


T OPR 


Operating Temperature 


-30 ~ 85 


°C 



DC RECOMMENDED OPERATING CONDITION 



SYMBOL 


PARAMETER 


MIN 


TYP 


MAX 


UNITS 


V D D 


Power Supply Voltage 


45 


- 


55 


V 


V| H 


Input High Level Voltage 


22 


- 


V DD +0 3 


V 


V|L 


Input Low Level Voltage 


-0 3 


- 


65 


V 


V D H 


Data Retention Voltage 


20 


- 


55 


V 



DC CHARACTER ISTICS (Ta « -30 ~ 85*C) 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN 


TYP(1) 


MAX 


UNITS 


I IN 


Input Current 


o^v, N <v DD 


- 


±0 05 


±1 


MA 


'dds 


Standby Current 


V DD = 2 0V to 5 5V 
CE 2 =0 2V, Output open 


- 


02 


10 


juA 


!ddo 


Operating Current 


V DD =5.5V,t C YC = 1/K 


- 


6.2 


15 


mA 


Ilo 


Output Leakage Current 


0^VouT^V DD 


- 


±0 05 


±1 


MA 


'OH 


Output High Current 


V DD = 4.5V, V h= 2 4V 


-1 


-2 


- 


mA 


>OL 


Output Low Current 


V DD = 4 5V, V 0L =0 4V 


2.0 


30 


- 


mA 



Noted) Ta = 25°C 



CAPACITANCE (2) (Ta = 25°C) 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN 


TYP 


MAX 


UNIT 


C IN 


Input Capacitance 


V| N =0V,f =1MHz 


- 


5 


10 


PF 


c OUT 


Output Capacitance 


Vqut =0V,f = 1MHz 


- 


7 


15 


PF 



Note (2) This parameter is periodically sampled and is not 100% tested. 
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A.C. CHARACTERISTICS 

• READ CYCLE 



SYMBOL 


PARAMETER 


TC5501P/D 


TC5501P-1/D-1 


UNIT 


MIN 


MAX 


MIN 


MAX 


*RC 


Read Cycle Time 


450 


- 


650 


- 


ns 


tACC 


Address Access Time 


- 


' 450 


- 


650 


ns 


tACC1 


CEj Access Time 


- 


400 


- 


600 


ns 


tACC2 


CE 2 Access Time 


- 


500 


- 


700 


ns 


tODO 


OD Access Time 


- 


250 


- 


350 


ns 


tCOE 


Output Enable Time 





- 





- 


ns 


tDIS 


Output Disable Time 





130 





150 


ns 


tQH 


Output Data Hold Time 





- 





- 


ns 



• WRITE CYCLE 



SYMBOL 


PARAMETER 


TC5501P/D 


TC5501P-1/D-1 


UNIT 


MIN 


MAX 


MIN 


MAX 


twc 


Write Cycle Time 


450 


- 


650 


- 


ns 


*AW 


Address Setup Time 


130 


- 


150 


- 


ns 


*cw 


CE 2 Setup Time 


130 


- 


150 


- 


ns 


twp 


Write Pulse Width 


250 


- 


400 


- 


ns 


*DS 


Data Setup Time 


250 


- 


400 


- 


ns 


*DH 


Data Hold Time 


50 


- 


100 


- 


ns 


*WR 


Write Recovery Time 


50 


- 


50 


- 


ns 



A.C. TEST CONDITIONS 

• Output Load 100 pF + 1 TTL Gate 

• Input Pulse Levels 45V, 2 4V 

• Timing Measurement Reference Levels 

Input 0.65V,2 2V 

Output 65V, 2 2V 

• Input Pulse Rise and Fall Times 10ns 
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Read Cycle 



~^w- 



V|H 



4V| H 
'* trr 



\[V|L 



IHt|=- 



N KNOWN ' 



Write Cycle 1 



Vil Avil 



7 



/ 







Write Cycle 2 



V IH"V"V|H 
VlL-ft.VlL 






D* 



YviL 



7 



Jta 



ECZ 
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TYPICAL CHARACTERISTICS 











tACC 


-v D d 




















Ta = 25°C 
C L = 100pF 
























T C550i O .,_ 1 


400 














1 












J^SS0lP/n 




























































v DD (v) 















Ta 


= 25°C 










««*! 


^ . 




V DD =4 5V 






J&* 




















50AP£ 














rT* 




































































400 
C L (pF) 



Ta <°C) 
•dDO — "Ta 



600 800 



400 


















































200 






















TC55C 


1P-1/C 


A „ 






100 






TC550JPJ2. 














































30 




3 


3 





6 





9 

































































TC 


50ip /t 
















~£XC^50n 


s 











OiP. 7/£ 


^ 


c^eihr* 

























*ACC ~ Ta 










V DD = 4 5V 
C L = 100 pF 
















TC5502, 


P-1 /D- 


































Tr£50lP/ p , 






















200 






















































Ta (°C) 
t WP - V DD 



60 90 



400 


















300 
























































"Sf^/D-, 














£*SOlP,r, 














































V DD (V) 

•ddo- Vdd 









































































a^T" — " 








■\Q& 


0^ 


rTTrN' 


c 








-T&& 


S^" "** 





















v DD (v) 

'DDS - V DD 





















10 


































































1 
















































01 
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60 90 



Ta (°C) 
'OH ~ Ta 













V DD = 4 5V 












Vqh =2 4V 



































































































Ta (°C) 
'OL- Ta 













V DD =4 5V 












Vql = 6v 



































































































Ta (°C) 

Vil-Vdd 










































































































































'oh - 


VQH 


















Ta = 25°C 
V DD =4 5V 




























^ 

















































































2.0 3 



V H (V) 

■ol- vol 



40 50 
































































































































15 20 



Vol <v) 

V|H" V D D 


































































































































400 


















































200 


































100 


























■ 


rC5501P-1/D- 


1 




=== - — r 















ITC5501P/D 

I I 





30 40 



6 7.0 
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400 
















300 
































































^^X" 


100 








1 


*f2& 










■^^ 








































30 60 

Ta (°C) 

twR - V DD 



















30 






























c 

C 20 

5 


































10 






















































V DD (V) 
*AW - V DD 





































^S*£mL, 












^Sc^r 







































































3.0 4.0 



5.0 
V DD (V) 



6.0 7.0 



tWR ~ T a 






























































































































30 

Ta (°C) 

*AW - Ta 



60 90 













V DD = 4 5V 






TC« 


*f**'l 


/D-l 



























TCS 


50AP' L 


) 









































































30 

Ta (°C) 



60 90 
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OUTLINE DRAWINGS 



PLASTIC PACKAGE 



22 21 20 19 18 17 16 15 14 13 12 
i.f 1 TP T 1 ff ' 




8° 




,L__h 


r4 


o- + -°o. 1 o 5 


10.41 ~ 11.51 



CERDIP PACKAGE 



22 21 20 19 18 17 16 15 14 13 12 

.nnnnnnnnnn 




1 4±0 15 
5±0 15 



±i j^i 



Notes Each lead pitch is 2 54 mm All leads are located within 
25 mm of their true longitudinal position with respect to 
No 1 and No 22 leads. 



Note Toshiba does not assume any responsibility for use of any circuitry described, no circuit patent licenses are implied, and Toshiba reserves the 

right, at any time without notice, to change said circuitry 
©Feb, 1981 Toshiba Corporation 
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B TOSHIBA MOS MEMORY PRODUCTS 



1024 WORD X 1 BIT CMOS RAM 

SILICON GATE CMOS 



TC5508P 
TC5508P- 



TC5508P-4 



description 

The TC5508P is a static read write memory 
organized as 1024 words by 1 bit using CMOS 
technology Because of ultra low power dissipation, 
the TC5508P can be used as battery operated 
portable memory system and also as a nonvolatile 
memory with battery back up. The TC5508P oper- 
ates from a single 5V power supply with a static 
operation, so that the no refresh periods are required. 
This simplifies the power supply circuit design 



The three state output simplify the memory 
expansion making the TC5508P suitable for use in a 
microprocessor peripheral memory. Since the mini- 
mum data retention voltage is 2V, the battery back 
up system needs only simple circuit. By using 
Toshiba's original C 2 MOS technology, the device 
circuitry is not only simplified but wide operating 
margin and noise margin are also realized. 

The TC5508P family is moulded in a dual-in-line 
16 pin plastic package, 0.3 inch in width. 



FEATURES 

• Low Power Dissipation 

55juW (MAX.) STANDBY 
55mW (MAX ) OPERATING 

• Single 5V Power Supply 

• Data Retention Voltage, 2.0~5.5V 

• 16 PIN Plastic Package 

• Static Operation 



• Three State Output 

• Input/Output, TTL Compatible 

• Latched Address Inputs 

• Access Time 

TC5508P , t ACC = 370ns (MAX.) 
TC5508P-4, t ACC = 450ns (MAX.) 
TC5508P-1 , t AC c = 550ns (MAX.) 



PIN CONNECTION 



(TOP VIEW) 



CEC 1 
A 3 C 2 
A 2 C 3 
A, C 4 
A C 5 
A 4 C 6 
d OUtC 7 
GND C 8 



PIN NAMES 



16 ]V DD 
15 D D, N 
14 D R/W 
13 D A 9 
12 D A 8 
11 ]A, 
10 3 A 6 
9]A S 



A 0~ A 9 


Address Inputs 


R/W 


Read Write Input 


CE 


Chip Enable Input 


D|N 


Data Input 


D OUT 


Data Output 


V DD /GND 


Power Supply Terminals 



BLOCK DIAGRAM 



A o | 

A,o rr 

A 2 o <S 

■D 

A 3 ° ^ 

A o 5 

or. 



TU 



Memory Cell Array 
32 x 32 



^K> 



^H> 



R/WO '»- 



Column Decoder 



Column Address 
Register 



^L> 



ov DD 

OGND 



-te 



urn 

A s A, A, A„ A 9 
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MAXIMUM RATINGS 



SYMBOL 


ITEM 


RATING 


UNIT 


Vdd 


Power Supply Voltage 


-03-70 


V 


Vin 


Input Voltage 


-0 3 ~ V DD + 3 


V 


V OUT 


Output Voltage 


0~V DD 


V 


P D 


Power Dissipation (Ta = 85°C) 


500 


mW 


T SOLDER 


Soldering Temperature • Time 


260 • 10 


°Osec 


T STG 


Storage Temperature 


-55-150 


°C 


Tqpr 


Operating Temperature 


-30 - 85 


°C 



D.C. CHARACTERISTICS (Ta = -30~85°C) 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN 


TYP (D 


MAX 


UNIT 


'in 


Input Current 


0V<V| N <V DD 


- 


±0 05 


±1 


M A 


•dds 


Standby Current 


V dd = 2V - 5 5V 

CE = V DD -0 2V Output open 

Other lnputs=0.2Vor V DD -0 2V 


- 


02 


10 


ma 


'ddo 


Operating Current 


V DD = 5 5V, t CYC = 1MS 


- 


6 


10 


mA 


Ilo 


Output Leakage Current 


0V^VouT^V DD 


- 


±0 1 


±5 


ma 


lOH 


Output High Current 


Vdd=4 5V,V h = 2 4V 


-1 


-2 


- 


mA 


lOL 


Output Low Current 


V D d=4 5V, V ol =0 4V 


20 


30 


- 


mA 


C, (2) 


Input Capacitance 


f = 1MHz 


- 


5 


10 


pF 


Co (2) 


Output Capacitance 


f = 1MHz 


- 


7 


15 


pF 



Noted) Ta = 25C V DD = 5V 

Note (2) This parameter is periodically sampled and is not 100% tested 



D.C. RECOMMENDED OPERATING CONDITIONS 



SYMBOL 


PARAMETER 


MIN 


TYP 


MAX 


UNIT 


Vdd 


Power Supply Voltage 


45 


50 


55 


V 


V| H 


Input High Level Voltage 


Vdd-2 


- 


Vqd+0 3 


V 


V| L 


Input Low Level Voltage 


-0 3 


- 


08 


V 


Vdh 


Data Retention Voltage 


20 


- 


55 


V 



A.C, CHARACTERISTICS (Ta = -30-85° C) 
• TC5508P 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN 


TYP 


MAX 


UNIT 


tACC 


Access Time 


V D d =4 5- 5 5V 
V 0H = 2.4V 
V L = 8V 
C L = 100 pF 


- 


- 


370 


ns 


*COE 


CE To Output Enable Time 





- 


- 


ns 


tDIS 


CE To Output Disable Time 


- 


- 


100 


ns 


tROE 


R/W To Output Enable Time 





- 


- 


ns 


tROD 


R/W To Output Disable Time 


- 


- 


100 


ns 
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• TC5508P-4 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN 


TYP 


MAX 


UNIT 


tACC 


Access Time 


V D d =4 5- 5 5V 
V H - 2 4V 
V 0L = 0.8V 
C L = 100pF 


- 


- 


450 


ns 


tfJOE 


CE To Output Enable Time 





- 


- 


ns 


tDIS 


CE To Output Disable Time 


- 


- 


130 


ns 


tROE 


R/W To Output Enable Time 





- 


- 


ns 


tROD 


R/W To Output Disable Time 


- 


- 


130 


ns 



• TC5508P-1 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN. 


TYP 


MAX 


UNIT 


tACC 


Access Time 


V D d = 45~55V 
V OH =2 4V 
Vql = 8V 
C L = 100 pF 


- 


- 


550 


ns 


tCOE 


CE To Output Enable Time 





- 


- 


ns 


*DIS 


CE To Output Disable Time 


- 


- 


150 


ns 


tROE 


R/W To Output Enable Time 





- 


- 


ris 


tROD 


R/W To Output Disable Time 


- 


- 


150 


ns 



m» mtmmtw&n m*m*mm conditions 

• TC5508P 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN. 


MAX. 


UNIT 


tAS 


Address Setup Time 


Vdd = 4 5-5.5V 

C L = 100 pF 

V|h=Vdd-2 0V~V D d+0 3V 

V| L =0 8V 

Ta=-30~85°C 


20 


- 


ns 


*AH 


Address Hold Time 


50 


- 


ns 


tpc 


Precharge-Time 


80 


- 


ns 


tCE 


CE Pulse Width 


370 


- 


ns 


twp 


Write Pulse Width 


200 


- 


ns 


tws 


Write Setup Time 





- 


ns 


tWH 


Write Hold Time 


200 


- 


ns 


tCEH 


CE Hold Time 


200 


- 


ns 


tow 


Output Valid to R/W 





- 


ns 


tDS 


Data Setup Time 


200 


- 


ns 


*DH 


Data Hold Time 





- 


ns 


tRS 


Read Setup Time 





- 


ns 


tRH 


Read Hold Time 





- 


ns 



• TC5508P-4 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN 


MAX 


UNIT 


tAS 


Address Setup Time 


V D d =4.5- 5.5V 

C L = 100pF 

V|h=V D d-2 0V~Vdd+0.3V 

V, L =0 8V 

Ta = -30~85°C 


20 


- 


ns 


tAH 


Address Hold Time 


80 


- 


ns 


tpc 


PrechargeTime 


100 


- 


ns 


tCE 


CE Pulse Width 


450 


- 


ns 


twp 


Write Pulse Width 


250 


- 


ns 


tws 


Write Setup Time 





- 


ns 


t\A/H 


Write Hold Time 


250 


- 


ns 


tCEH 


CE Hold Time 


250 


- 


ns 


tow 


Output Valid to R/W 





- 


ns 


tDS 


Data Setup Time 


250 


- 


ns 


tDH 


Data Hold Time 





- 


ns 


tRS 


Read Setup Time 





- 


ns 


tRH 


Read Hold Time 





- 


ns 
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• TC5508P-1 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN 


MAX 


UNIT 


*AS 


Address Setup Time 


V DD =4 5~5 5V 

C L =100pF 

V| H =V DD -2 0V~V DD +0 3V 

V, L =0 8V 

Ta= -30-85° C 


20 


- 


ns 


l AH 


Address Hold Time 


80 


- 


ns 


tpc 


Precharge Time 


150 


- 


ns 


tCE 


CE Pulse Width 


550 


- 


ns 


twp 


Write Pulse Width 


300 


- 


ns 


tws 


Write Setup Time 





- 


ns 


tWH 


Write Hold Time 


300 


- 


ns 


tCEH 


CE Hold Time 


300 


- 


ns 


tow 


Output Valid to R/W 





- 


ns 


tDS 


Data Setup Time 


300 


- 


ns 


l DH 


Data Hold Time 





- 


ns 


tRS 


Read Setup Time 





- 


ns 


tRH 


Read Hold Time 





- 


ns 



TIMING WAViFOBWS 

• Read Cycle 






tA£ 




H 
















ADDRESS 


/ 


> 


.^ — z: 


< 




DON'T CARE 


X 








tpc 


*AH 




CE 


tRS 


\v,L 




V,h 






t ci 


*RH 












V| H 


R/W 


V|(- 


tCOE 


UNKNOWN 

/ 


*DI 












HIGH Z 








D OUT 


( 


^> 


-°» VALlD 


\ 




/cle 1 




*AC< 


? 














• Early Write C 




tAS 


~1 




















ADDRESS 


V 


> 


:z «> 


V IH 


< 




DON'T CARE 
tCE 


X 






tpc 


* AH 






r 








CE 


/V| H V, h 


♦ s.v 




V,L,/ 


V| H 








t w 


S t WH 










I v 


L 




v, L| / 






R/W 




\ 


' V, H 








>i 


tDS 


*DH 
















D|N 


DON 


T CARE 


^|" STABLE 


V|H J 
V| L , 


/ DON 


'T CARE 






\ 


HIGH Z 


tROE 




*D 


S 








^ UNKNOV 


VN 


V^HIGH Z 


D OUT 


/ 














/ 
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• Early Write Cycle 2 



Mr ™™ w 



yvTn ^?\ v i>- 



A 



DON'T CARE 



DON'T CARE 



X 



/ V "H 



Mr ™- iter " 



D OUT 



• Read Modify Write Cycle 



XSljEEIEK 



■ *PC 



DON'T CARE 



X 



DON'T CARE 



^Ljff^ 



*ACC , t OW 






STABLE 
■ROD I tROE 



DON'T CARE 



\ HIGH Z / \ r VQH k HIGH Z /*""~" K HIGH 



UNKNOWN VALID 



UNKNOWN 
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TOSHIBA 



outline onmamM 



16 15 14 13 12 11 10 9 

f|~i r*i rjn r**n r*fi rin i~N i~}i 

n ' ' ' ' ' i i ^n 



l_[j |_|_J LJJ L|l 



12 3 4 5 6 7 




Note Each lead pitch is 2 54mm All leads are located within 25mm 

of their longitudinal position with respect to No 1 and No 16 leads 



Note. Toshiba does not assume any responsibility for use of any circuitry described, no circuit patent licenses are implied, and Toshiba reserves 

the right, at any time without notice, to change said circuitry 
©Sept , 1979 Toshiba Corporation 
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B TOSHIBA MOS MEMORY PRODUCTS 



1024 WORD X 4BIT CMOS RAM 

SILICON GATE CMOS 



TC5047AP- I 
TC5047AP-2 



DisemrnoN 

The TC5047AP is a static read write memory 
organized as 1024 words by 4 bits using CMOS 
technology. Because of ultra low power dissipation, 
the TC5047AP can be used as battery operated 
portable memory system and also as a nonvolatile 
memory with battery back up. The TC5047AP 
operates from a single 5V power supply with a static 
operation, so that the no refresh periods are required. 
This simplifies the power supply circuit design. 



FiATURiS 

• Low Power Dissipation 
110mW(MAX.) STANDBY 
110mW(MAX.) OPERATING 

• Single 5V Power Supply 

• Data Retention Voltage, 2.0~5.5V 

• 20 PI N Plastic Package 

nn CONNECTION 



(TOP VIEW) 



C 1 



AoL" 

A,C 

A 2 C 

A 3 C 

A 4 C 

A 5 C 

GNDfJ 

Data l/0,C 

Data l/0 2 C 



20 3V DD 

19 3 A 7 

18 3 R/W 

17 JCE, 

16 3oD 

15 U CE 2 

14 J A 8 

13]A, 

12 3 Data l/0 4 

11 3 Data I/O, 



P»N NAMES 



A ~A 9 


Address Inputs 


R/W 


Read Write Input 


ci\, CE 2 


Chip Enable inputs 


Data l/0,_ 4 


Data Input/Output 


OD 


Output Disable Input 


V DD /GND 


Power Supply Terminals 



The three state outputs simplify the memory 
expansion making the TC5047AP suitable for use in a 
microprocessor peripheral memory. Since the mini- 
mum data retention voltage is 2V, the battery back 
up system needs Only simple circuit. By using 
Toshiba's original C 2 MOS technology, the device 
circuitry is not only simplified but wide operating 
margin and noise margin are also realized. 

The TC5047AP family is moulded in a dual-in-line 
20 pin plastic package, 0.4 inch in width. 



• Static Operation 

• Three State Outputs 

• Input/Output, TTL Compatible 

• Access Time 
TC5047AP-1 , t ACC < 550ns (MAX.) 



TC5047AP-2, t ACC < 800ns (MAX.] 



BLOCK DiASRAM 
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MAXIMUM RATINGS 



SYMBOL 


ITEM 


RATING 


UNIT 


VDD 


Power Supply Voltage 


-03-70 


V 


Vin 


Input Voltage 


-0 3~V DD +03 


V 


V OUT 


Output Voltage 


0~V DD 


V 


P D 


Power Dissipation (Ta = 85°C) 


700 


mW 


"•"solder 


Soldering Temperature • Time 


260- 10 


°C • sec 


TSTG 


Storage Temperature 


-55 ~ 1 50 


°C 


1"OPR 


Operating Temperature 


-30 ~ 85 


°C 



DC RECOMMENCED OPERATING CONDITIONS 



SYMBOL 


PARAMETER 


MIN 


TYP 


MAX 


UNIT 


V D D 


Power Supply Voltage 


45 


50 


5.5 


V 


V| H 


Input High Level Voltage 


Vdd-1.5 


- 


V DD +0 3 


V 


V|L 


Input Low Level Voltage 


-0 3 


- 


06 


V 


V D H 


Data Retention Voltage 


20 


- 


55 


V 



DC CHARACTERISTICS (Ta = -30-85° C) 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN 


TYP (D 


MAX 


UNIT 


I IN 


Input Current 


ov^v, N ^V DD 





±0 05 


±1 


MA 


'dds 


Standby Current 


V DD =2~5 5V 

CE 2 = 2V, Output Open 





02 


20 


JiA 


'ddo 


Operating Current 


V DD =5 5V, t CYC =l MS 





10 


20 


mA 


Ilo 


Output Leakage Current 


0V^Vout^V dd 





±0 1 


±5 


MA 


'oh 


Output High Current 


V DD =4 5V, V 0H =2 4V 


-1 


-2 


- 


mA 


'OL 


Output Low Current 


V D d = 4 5V, V ol = 0.4V 


1 6 


20 


- 


mA 


C, (2) 


Input Capacitance 


f = 1MHz 


- 


5 


10 


pF 


C (2) 


Output Capacitance 


f = 1MHz 


- 


7 


15 


PF 



Noted) Ta=25C, V DD = 5V 

Note (2) This parameter is periodically sampled and is not 100% tested 
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A.C. RECOMMENDED OPERATING CONDITIONS 
• TC5047AP-1 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN 


MAX 


UNIT 


T RC 


Read Cycle Time 


V DD =4 5- 5 5V 
C L = 100pF 
V| H = Vdd-1 5V 
~V DD +0 3V 
Vil = -0 3- 6V 
Ta = -30 - 85°C 


650 


- 


ns 


twc 


Write Cycle Time 


650 


- 


ns 


tCES 


CE Setup Time 


20<3) 


- 


ns 


tCEH 


CE Hold Time 


20<3) 


- 


ns 


tpc 


Precharge Time 


100 


- 


ns 


tCE 


CE Pulse Width 


550 


- 


ns 


twp 


Write Pulse Width 


300 


- 


ns 


tDS 


Data Setup Time 


300 


- 


ns 


tDH 


Data Hold Time 





- 


ns 


tew 


Write Setup Time 


350 


- 


ns 


tRS 


Read Setup Time 





- 


ns 


tRH 


Read Hold Time 





- 


ns 



Note (3) tegs + t CEH < 

• TC5047AP-2 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN 


MAX 


UNIT 


tRC 


Read Cycle Time 


V D d =4 5- 5 5V 
C L = 100 pF 
V|H = V DD -1 5V 
- V DD + 3V 
V| L = -0 3~0 6V 
Ta = -30~85°C 


1000 


- 


ns 


twc 


Write Cycle Time 


1000 


- 


ns 


tCES 


CE Setup Time 


20< 4 > 


1 


ns 


tCEH 


CE Hold Time 


20<4) 


- 


ns 


tpc 


Precharge Time 


200 


- 


ns 


tCE 


CE Pulse Width 


800 


- 


ns 


twp 


Write Pulse Width 


500 


- 


ns 


tDS 


Data Setup Time 


500 


- 


ns 


tDH 


Data Hold Time 





- 


ns 


tew 


Write Setup Time 


550 


- 


ns 


tRS 


Read Setup Time 





- 


ns 


tRH 


Read Hold Time 





- 


ns 



Note (4) t CES + t C EH = 20 ° ns 

A.C. CHARACTERISTICS 

• TC5047AP-1 



(Ta = -30-85° C) 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN 


TYP 


MAX 


UNIT 


tACC 


Access Time 


V DD =4 5~ 5 5V 

C L = 100 pF 

V 0H =2 4V, V OL =0 6V 


- 


- 


550 


ns 


tDIS 


Output Disable Time 


- 


- 


100 


ns 


tC0E 


Output Enable Time 


- 


100 


- 


ns 


• TC5047AP-2 


SYMBOL 


PARAMETER 


CONDITIONS 


MIN 


TYP 


MAX 


UNIT 


tACC 


Access Time 


V D d =4 5~ 5 5V 

C L = 100 pF 

V 0H =2 4V,V OL = 6V 


- 


- 


800 


ns 


tDIS 


Output Disable Time 


- 


- 


200 


ns 


tCQE 


Output Enable Time 


- 


200 


- 


ns 
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TIWIHd WAVEFORMS 

• Read Cycle 



A v »- 



«'»S , 



VlL V|L/ 



\V|L 



\ AVQL 






7 t V, H 



vThV 



2: 



VALID DATA 



y HIGH i 



• Write Cycle 



D|/0 



/v 1H v, H \ 



A V IL 



\V|L VlL/ 



y 



\______H^1L 



V "-A 



V|h\ 






\ HIGH Z / V 'H DATA IN viTPs/" 

/ \V|L STABLE vil/ \ 



DON'T CARE 
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TYPICAL CHARACTERISTICS 



< 
e 

X. -4 













Ta 


= 25° C 














V DD =4 5V 



































































































2 3 4 

V H (V> 

'OL - v OL 













Ta = 25° 














V DD =4 5V 



































































































3 40 



10 15 

vol (v> 


































































































































5 

V DD (V) 



'OH-Ta 













V DD = 4 5V 












V OH =2 4V 



































































































30 60 

Ta (°C) 















V DD = 4 5V 


60 












V OL = 4V 


















40 


































2 






















































30 

Ta (°C) 

*V| L - V DD 



60 90 





















3.0 
































2 


































1 






















































4 5 6 7.0 
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tACC ~ T a 















Ta 


= 25° C 




600 












C L = 100 pF 








•N. / 


Cc~ 








400 








S:i ^sl 












^<E5?«*L 






200 






















































30 40 50 60 

V DD (V) 

















Ta 


= 25° C 












_ 




V DD =4 5V 




400 

200 






-rcs< 












_£ 




tcso*^ 












o 
< 









































































400 

C L (pF) 













v D 








fTC50 


47AP-2 














" 






























TC5C 


47AP- 





































































V DD =4 5V 












C L = 100 pF 






TC5047AP-2^ 




























I 
TC5047AP-1 

























































30 




Ta ( c 


C) 


WP - 


VDD 























































^>«. 


























■^^S^^W, 





































30 4.0 50 60 70 

tpC - V DD 



30 

T a (°C) 



60 90 







































































^C5< 


l^TAP-, 


> 


























_ TC5C 


47AP. 





















30 40 50 60 

V DD (V) 



— 70 



•DDO - V DD 



'DDO - Ta 






























































































































3 4 5.0 

V DD (V) 



6 7 













V DD =45V 












t CYC = 1 ^s 



































































































60 90 





























T a ^o ^ 



































































































3 40 5 

V DD (V) 

tpc - Ta 

















































-rr.5Q47A^ _ 














r C5047AP -1 























































30 

Ta (°C) 



60 90 






























































































































3 40 



30 
Ta (°C) 

*DS ~ V DD 



60 90 







































































"^ 
















-^s 


^^ 


^ 














■^ 





















5 

V DD (V) 



6 7 
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TOSHIBA 



tDS - Ta 

















































TCBOATA^ 














;5QA7 J 














T 











































30 

Ta (°C) 
































































































































30 

Ta (°C) 



OUTLINE DRAWINGS 



20 19 18 17 16 15 14 13 12 11 



Unit in mm 




Note Each lead pitch is 2 54mm All leads 
are located within 25 mm of their 
true longitudinal position with re cr "ct 
to No 1 and No 20 leads 



Note Toshiba does not assume any responsibility for use of any circuitry described, no circuit patent licenses are implied, and Toshiba reserves 

the right, at any time without notice, to change said circuitry 
©Mar , 1980 Toshiba Corporation 
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a TOSHIBA MOS MEMORY PRODUCTS 



4096 WORD X 1 BIT CMOS RAM 

SILICON GATE CMOS 



TC5504P TC5504P- 
TC5504P-2 



DESCRIPTION 

The TC5504P is a static read write memory 
organized as 4096 words by 1 bit using CMOS 
technology. Because of ultra low power dissipation, 
the TC5504P can be used as battery operated 
portable memory system and also as a nonvolatile 
memory with battery back up. The TC5504P oper- 
ates from a single 5V power supply with a static 
operation, so that the no refresh periods are required. 
This simplifies the power supply circuit design. 



FEATURES 

• Low Power Dissipation 

• 110juW (MAX ) STANDBY 

• 110mW (MAX ) OPERATING 

• Single 5V Power Supply 

• Data Retention Voltage, 2 0~5 5V 

• 18 PIN Plastic Package 

• Static Operation 



The three state output simplify the memory 
expansion making the TC5504P suitable for use in a 
microprocessor peripheral memory. Since the mini- 
mum data retention voltage is 2V, the battery back 
up system needs only simple circuit By using 
Toshiba's original C 2 MOS technology, the device 
circuitry is not only simplified but wide operating 
margin and noise margin are also realized. 

The TC5504P family is moulded in a dual-in-line 
18 pin plastic package, 0.3 inch in width 



Three State Output 

Input/Output, TTL compatible 

Latched Address Inputs 

Access Time 

TC5504P , t ACC = 450ns (MAX ) 

TC5504P-1, t ACC = 550ns (MAX ) 

TC5504P-2, t ACC = 800ns (MAX ) 



PIN CONNECTION 



BLOCK DIAGRAM 




PIN' NAMES 



A ~A U 


Address Inputs 


R/W 


Read Write Input 


CE 


Chip Enable Input 


D IN 


Data Input 


D OUT 


Data Output 


V DD /GND 


Power Supply Terminals 



A o © 

A lQ | 

or. 

A,o , 

A 30 -5 

*,0 < 

A sO DC 



Memory Cell Array 
64x64 



^=Q 



)V DD 
3 GND 
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MAXIMUM RATI H0S 



SYMBOL 


ITEM 


RATING 


UNIT 


Vdd 


Power Supply Voltage 


-0.3 ~ 7.0 


V 


Vim 


Input Voltage 


-0.3 ~ V DD + 0.3 


V 


V OUT 


Output Voltage 


0~V DD 


V 


Pd 


Power Dissipation (Ta = 85°C) 


550 


mW 


T SOLD€R 


Soldering Temperature • Time 


260 10 


°C sec 


TSTG 


Storage Temperature 


-55 ~ 1 50 


°C 


Tqpr 


Operating Temperature 


-30 ~ 85 


°C 



DC CHARACTERISTICS (Ta = -30 ~ 30° C) 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN 


TYP (1) 


MAX 


UNIT 


l_l_N_ _ _ 

! DDS 


Input Current 


0V<V iN ^V DD 


- 


±0 05 


±1 


AiA 


Standby Current 


V DD = 2Vto5 5V 

CE = V DD -0 2V, output open 

Other Inputs = 2V or V DD -0 2V 


- 


02 


20 


MA 


■ddo 


Operating Current 


V DD = 5 5V, t C YC = 1ms 


- 


10 


20 


mA 


Ilo 


Output Leakage Current 


ov^v OUT ^v DD 


- 


±0.1 


±5.0 


ma 


•oh 


Output High Current 


V D d=4 5V, V OH =2 4V 


-1.0 


-2.0 


- 


mA 


lOL 


Output Low Current 


V DD =4.5V, Vol=0.4V 


2.0 


3.0 


- 


mA 


C, (2) 


Input Capacitance 


f = 1MHz 


- 


5 


10 


pF 


Output Capacitance 


f = 1MHz 


- 


7 


15 


pF 



Noted) Ta=25 C V DD = 5V 

Note (2) This parameter is periodically sampled and is not 100% tested. 



DC RECOMMENDED OPERATING CONDITIONS 



SYMBOL 


PARAMETER 


MIN 


TYP 


MAX. 


UNIT 


Vdd 


Power Supply Voltage 


4.5 


50 


55 


V 


V| H 


Input High Level Voltage 


V D d-2 


- 


Vdd+0 3 


V 


V|L 


Input Low Level Voltage 


-0 3 


- 


0.8 


V 


Vdh 


Data Retention Voltage 


20 ' 


- 


55 


V 



AC CHARACTERISTICS (Ta = 
TC5504P 



-30~85°C) 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN 


TYP 


MAX 


UNIT 


*ACC 


Access Time 


Vdd =4 5- 5 5V 
C L = 100pF 
V H = 2 4V 
Vql =0 8V 
Ta = -30 ~ 85°C 


- 


- 


450 


ns 


tCOE 


CE To Output Enable Time 





- 


- 


ns 


tDIS 


CE To Output Disable Time 


- 


- 


100 


ns 


tROE 


R/W To Output Enable Time 





- 


- 


ns 


tROD 


R/W To Output Disable Time 


- 


- 


100 


ns 
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TC5504P-1 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN 


TYP. 


MAX. 


UNIT 


tACC 


Access Time 


Vdd = 4.5- 5.5V 
C L = 100 pF 
V 0H = 2.4V 
V 0L = 0.8V 
Ta = -30 ~ 85°C 


- 


- 


550 


ns 


tC0E 


CE To Output Enable Time 





- 


- 


ns 


tDIS 


CE To Output Disable Time 


- 


- 


100 


ns 


tROE 


R/W To Output Enable Time 





- 


- 


ns 


tROD 


R/W To Output Disable Time 


- 


- 


100 


ns 



TC5504P-2 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN 


TYP 


MAX. 


UNIT 


Ucc 


Access Time 


V D d = 4 5- 5.5V 
C L = 100 pF 
V H = 2.4V 
V 0L = 0.8V 
Ta= -30-85°C 


- 


- 


800 


ns 


tfJOE 


CE To Output Enable Time 





- 


- 


ns 


tDIS 


CE To Output Disable Time 


- 


- 


200 


ns 


tROE 


R/W To Output Enable Time 





- 


- 


ns 


tROD 


R/W To Output Disable Time 


- 


- 


200 


ns 



AC RECOMMENDED OPERATING CONDITION 
TC5504P 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN 


MAX 


UNIT 


tAS 


Address Setup Time 


V D d =4 5-5 5V 

C L = 100 pF 

V| H = V DD -2V~V DD +0 3V 

V, L =0 8V 

Ta = -30 - 85°C 


20 


- 


ns 


tAH 


Address Hold Time 


80 


- 


ns 


tpc 


P recharge Time 


100 


- 


ns 


tCE 


CT Pulse Width 


450 


- 


ns 


tWP 


Write Pulse Width 


250 


- 


ns 


tws 


Write Setup Time 





- 


ns 


t\A/H 


Write Hold Time 


250 


- 


ns 


tCEH 


CE Hold Time 


250 


- 


ns 


tow 


Output Valid to R/W 





- 


ns 


tDS 


Data Setup Time 


250 


- 


ns 


tDH 


Data Hold Time 





- 


ns 


tRS 


Read Hold Time 





- 


ns 


tRH 


Read Hold Time 





- 


ns 



TC5504P-1 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN 


MAX 


UNIT 


tAS 


Address Setup Time 


V DD = 4 5- 5.5V 

C L = 100pF 

V|h=V dd -2V-V D d+0.3V 

V| L = 0.8V 

Ta = -30-8 5° C 


20 


- 


ns 


tAH 


Address Hold Time 


80 


- 


ns 


tpc 


Precharge Time 


150 


- 


ns 


tCE 


CE Pulse Width 


550 


- 


ns 


t\A/P 


Write Pulse Width 


300 


- 


ns 


tws 


Write Setup Time 





- 


ns 


t\A/H 


Write Hold Time 


300 


- 


ns 


tCEH 


CE Hold Time 


300 


- 


ns 


tow 


Output Valid to R/W 





- 


ns 


tDS 


Data Setup Time 


300 


- 


ns 


tDH 


Data Hold Time 





- 


ns 


tRS 


Read Setup Time 





- 


ns 


tRH 


Read Hold Time 





- 


ns 
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TC5504P-2 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN 


MAX 


UNIT 


tAS 


Address Setup Time 


V DD =4 5- 5 5V 
C L = 100pF 

V|H=V DD -2V~V DD +0.3V 
V 1L = 08V 
Ta= -30~85°C 


20 


- 


ns 


Uh 


Address Hold Time 


100 


- 


ns 


tpc 


Precharge Time 


200 


- 


ns 


t CE 


CE Pulse Width 


800 


- 


ns 


tyy/P 


Write Pulse Width 


500 


- 


ns 


tws 


Write Setup Time 





- 


ns 


tWH 


Write Hold Time 


500 


- 


ns 


tCEH 


CE Hold Time 


500 


- 


ns 


tow 


Output Valid to R/W 





- 


ns 


tDS 


Data Setup Time 


500 


- 


ns 


tDH 


Data Hold Time 





ns 


tRS 


Read Setup Time 





- 


ns 


tRH 


Read Hold Time 





— ns 



imim wavifobws 

• Read Cycle 






J^vTTT 



Vih\ 

tRS 



_v!lX 



DON'T CARE 



<zx 



X 



5f 



OH 

Vol 



UNKNOWN 
tACC 



• Early Write Cycle 1 




D| N DON' 
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• Early Write Cycle 2 



D OUT 



fe— v:X 



/V|H Vm\ 

J V^- 

i t ws 

\V|L 



DON'T CARE 



> 



DON'T CARE 



X 



/VlH 
V|L/ 



/V|L 



fe "A.L, ;irx 



• Read Modify Write Cycle 



ZL 



XvIl^ESC 



i^- 



■ - ^H ,] 



DON'T CARE 



X 



V|h1 

t ACC , T OW 




*wp 
V|L Vil 



ViL^nJ\ 



1/ V'VOH \ HIGH 

~7 VALID 



DON'T CARE 




UNKNOWN 
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TOSHIBA 



OUTLINE DRAWINGS 



24 23 22 21 20 19 18 17 16 15 14 13 



rhrhrprtirtirprrpTtirprTirp x±l 



b- 



dj l|j ill l{j l[j ijj 1 4j l|jl|j l|j lLj l4j : 

1 2 3 4 5 6 7 8 9 10 11 12 
32 4 MAX. 




Note Each lead pitch is 2 54 mm All leads are located within 25 mm of their 
longitudinal position with respect to No 1 and No 24 leads 
All dimensions are in millimeters 



Note Toshiba does not assume any responsibility for use of any circuitry described, no circuit patent licenses are implied, and Toshiba reserves 

the right, at any time without notice, to change said circuitry 
©May , 1980 Toshiba Corporation 
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B TOSHIBA MOS MEMORY PRODUCTS 



4096 WORD x 1 BIT CMOS STATIC RAM 

SILICON GATE CMOS 



TC5504AP-2/-3, TC5504APL-2/-3 
TC5504AD-2/-3, TC5504ADL-2/-3 



DESCRIPTION 

The TC5504AP/AD is a 4,096 bit high speed and 
low power static random access memory organized as 
4,096 words by 1 bit using CMOS technology, and 
operates from a single 5-volt supply 

On chip latches are provided for addresses, data 
input and output, and read write control allowing 
efficient interfacing with microprocessor systems 

The TC5504AP/AD is a fully CMOS RAM, there- 
fore it is suited for use in low power applications 
where battery operation and battery back up for non- 

FEATURES 



volatility are required Furthermore the TC5504APL/ 
ADL guaranteed a standby current equal to or less 
than 1/iA at 60°C ambient temperature 

The TC5504AP/AD is guaranteed for data reten- 
tion at a power supply as low as 2 volts The TC5504 
AP/AD is directly TTL compatible in all inputs and 
output 

The TC5504AP/AD is offered in both standard 18 
pin plastic and cerdip packages, 3 inch in width 



TC5504APL/ADL 



• Standby Current 

2/iA (Max ) atTa = 25°C 

1 OfxA (Max) a tTa = 60°C 
20juA (Max.) TC5504AP/AD 

• Low Power Dissipation 15mW (Typ ) operating 

• Single 5V Power Supply 5V ± 10% 

• Data Retention Supply Voltage . 2 ~ 5 5V 

• All Inputs and Output Directly TTL Compatible 

PIN CONNECTION 

(TOP VIEW) 



• Access Time 

200ns (Max ) TC5504AP/APL/AD/ADL-2 
300ns (Max ) TC5504AP/APL/AD/ADL-3 

• Static Operation 

• On Chip Address Register 

• Three State Output 

• Package 

Plastic DIP TC5504AP/APL 
Cerdip DIP TC5504AD/ADL 

BLOCK DIAGRAM 



A C 1 

AiC : 
a 4 [ = 
a s La 

A 2 [E 
A 3 [6 

d outC 7 

R/W[ 8 

gnd[ s 



8 3v DD 

17]A U 

16]A 10 

15]A 9 

14]A 8 

13]A 7 

12]A 6 

11 3d in 

10]CE 



H^ 



PIN NAMES 



A ~A n 


Address Inputs 


R/W 


Read Write Control Input 


CE 


Chip Enable Input 


D| N 


Data Input 


D OUT 


Data Output 


V DD 


Power 


GND 


Ground 



EO-<0 



TTJ 



iS 



"Kd^T 
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MAXIMUM BATIKS 



SYMBOL 


ITEM 


RATING 


UNIT 


V D d 


Power Supply Voltage 


-03-70 


V 


V|N 


Input Voltage 


-0 3 ~ 7 


V 


VOUT 


Output Voltage 


o~v DD 


V 


p D 


Power Dissipation 
(Ta = 85°C) 


TC5504AP/APL 


550 


mW 


TC5504AD/ADL 


800 


mW 


T SOLDER 


Soldering Temperature Time 


260 10 


°C sec 


T STG 


Storage Temperature 


-55 ~ 1 50 


°C 


T OPR 


Operating Temperature 


-30 ~ 85 


°C 



D.C, RECOMMENDED OPERATING CONDITIONS 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


Vdd 


Power Supply Voltage 


4.5 


5.0 


55 


V 


V,H 


Input High Voltage 


2.2 


- 


V DD +0.3 


V 


V| L 


Input Low Voltage 


-0.3 


- 


08 


V 


Vdh 


Data Retention Voltage 


20 


- 


55 


V 



D.C, CHARACTERISTICS (V DD = 5V ± 10%, Ta = -30°C to 85°C, unless otherwise noted) 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN 


TYP.d) 


MAX 


UNIT 


IlL 


Input Leakage Current 


ov^v, N ^v DD 


- 


- 


±1 


MA 


>LO 


Output Leakage Current 


CE = V DD - 2V, 0V ^ Vqut ^ V DD 


- 


- 


±50 


HA 


■oh 


Output High Level Current 


V h =2 4V 


-1 


- 


- 


mA 


lOL 


Output Low Level Current 


V 0L = 4V 


20 


- 


- 


mA 


•dds 


Standby Current 


V DD = 2V ~ 5.5V 
CE=V DD -0.2V 
other inputs = 
2V or V DD - 2V 


TC5504APL 
TC5504ADL 


Ta = 25° C 


- 


- 


02 


juA 


Ta = 60° C 


- 


- 


1 


TC5504AP 
TC5504AD 


- 


05 


20 


HA 


'ddoi 


Operating Current 


tcycle = 1MS, Iqut = 0mA 


- 


- 


100 


mA 


•dD02 


tcycle = lMS,V| H =V DD V, L =0V, l 0U T =0mA 


- 


30 


50 


mA 



Noted) V DD =5V, Ta = 25°C 



CAPACITANCE* 2 * (Ta = 25°C) 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN 


TYP. 


MAX. 


UNIT 


C IN 


Input Capacitance 


V, N =0V f=1MHz 


- 


4 


8 


PF 


C OUT 


Output Capacitance 


V O UT=0V f = 1MHz 


- 


5 


10 


PF 



Note (2) This parameter is periodically sampled and is not 100% tested 
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A,C. CHARACTERISTICS (V DD = 5V ± 10%, Ta = -30°C to 85°C, unless otherwise noted) 



SYMBOL 


PARAMETER 


TC5504AP-2/APL-2 
TC5504AD-2/ADL-2 


TC5504AP-3/APL-3 
TC5504AD-3/ADL-3 


UNIT 


MIN 


MAX 


MIN 


MAX 


tRC 


Read Cycle Time 


300 


- 


420 


- 


ns 


*WC 


Write Cycle Time 


300 


- 


420 


- 


ns 


tRMWC 


Read Modify Write Cycle Time 


390 


- 


580 


- 


ns 


tAS 


Address Setup Time 


5 


- 


5 


- 


ns 


t AH 


Address Hold Time 


60 


- 


80 


- 


ns 


tpc 


Precharge Time 


80 


- 


100 


- 


ns 


tCEH 


Chip Enable Hold Time 


200 


- 


300 


- 


ns 


tACC 


Access Time 


- 


200 


- 


300 


ns 


tOD 


Output Disable Time 


- 


70 


- 


100 


ns 


tC0E 


Output Enable Time 





- 





- 


ns 


tRS 


Read Setup Time 





- 





- 


ns 


tRH 


Read Hold Time 





- 





- 


ns 


%S 


Write Setup Time 





- 





- 


ns 


tWH 


Write Hold Time 


60 


- 


80 


- 


ns 


tDS 


Data Setup Time 


5 


- 


5 


- 


ns 


tDH 


Data Hold Time 


60 


- 


80 


- 


ns 


%CH 


Write Enable to CE Hold Time 


80 


- 


150 


- 


ns 


*MD 


Modify Time 





- 





- 


ns 



A.C. TEST CONDITIONS 

Output Load 100pF + 1TTL Gate 

Input Pulse Levels . 6 ~ 2 4V 
Timing Measurement Reference Levels 
Input 0.8V and 2.2V 

Output 0.8V and 2.2V 

Input Pulse Rise and Fall Times . 10 ns 
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TIMING WAVEFORMS 

• READ CYCLE 



*AS t AH 



Xp: «ta,le;;^ ( 



X 



H^- 


V V IL 




tRC 






/■V,h V, H \ 


; L v, H \ 




tRS | 


tCEH J 


, t RH 


'W////////1 


*ACC 




?»« 




tCOE 










HIGH IMPEDANCE 




v?" VAL,D 


> 



UNKNOWN 



• WRITE CYCLE 



*AS . , t AH 



Address ^^ STABLE y 1 ^ 



tpc 



X 



*WS 



xwwwwwy 



y. 



\L 



"IL v, L 



^. ///////////////////////////, 



V|L STABLE 



VilA 



HIGH IMPEDANCE 



• READ MODIFY WRITE CYCLE 

tAS , . *AH 




UNKNOWN 
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Ta 


= 25°C 










V|N =VDD 



























































< 

E 



3.0 



TYPICAL CHARACTERISTICS 

Idds vs vdd 

6.0 
5.0 

< 4.0 

c 

w 30 

Q 
Q 

20 
1.0 


30 

~ 20 
10 



2 4 

V| N (V) 

iddo vs. Vdd 



4.0 5.0 

vdd (V) 
idds vs. V| N 



6.0 











T a 


= 25°C 












Vdd -o.ov 

CE = 5.5V 


















































-> 


r 
























T a 


= 25°C 




_ 4 
< 










tcycle = 1 MS 
















O 
Q 
Q 

2 
















































5.0 5.5 

v D D (V) 



6.0 



100.0 



idds vs. T a 



0.1 
-40 



vdd = 5.5V 

CE=V D D 
V|N = VDD 











































































Q 
Q 



~ 4 

< 

E 

O 
Q 
Q 




-40 



40 
T a (°C) 

idds vs. t cyC | e 



80 











T a 


= 25°C 




^ 








Vdd - 3 -° v 

CE = 5.5V 



























































1 2 

tcycle (MS) 

iddo vs. t 3 











vdd = 5.5V 










tcycle = 1 MS 



























































40 

T a (°C) 



80 
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IDDO VS. tcyde 



V|H,V, L VS. V DD 



O 
Q 
Q 
~ 2 





\ 






Ta 


= 25°C 






\ 






V D D = 5.5V 




\ 
















\ 







































1 2 

tcycle (/iS) 



3.0 



> 2.0 



> 



1.0 













or O 




















Viu-I 














v lrr 








V|L 



































3.0 4.0 5.0 6.0 

V D D (V) 



-30 



-20 



'OH VS. Ta 



lOH VS. Vqh 



< 
E 



-10 



-40 











V D D = 4.5V 










VQH = 2.4V 



























































30 



20 



10 



-40 



40 

T a (°C) 

lOL VS. T a 



80 











V DD = 4.5V 










vol = o.4v 



























































40 

T a (°C) 



-12.0 



-8.0 



< 
E 



I 
O 











T a 


= 25°C 












V DD =4.5V 






































\ 














\ 







2.0 3.0 4.0 5.0 

V H (V) 

'ol vs. vol 



60 



_ 40 

< 

E 



20 











T a 


= 25°C 












V D D = 4.5V 



























































0.5 1.0 

vol (V) 



1.5 
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Normalized tACC VS. T a 



o 

< 1.2 



1.0 



0.8 
-40 




















































































40 
T a (°C) 



3.0 



8 2.0 



Normalized tACC VS. Vqd 



1.0 













nrO 







































































3.0 



4.0 5.0 

V D D (V) 



30 



-3? 20 



o 
o 
< 



x tACC VS. C L 



10 











T a 


= 25°C 












V D D=4.5V 



























































100 200 

C L (PF) 
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TOSHIBA 



OUTLINE DRAWINGS 

• PLASTIC PACKAGE 



18 17 16 15 14 13 12 11 10 




• CERDIP PACKAGE 







Note Each lead pitch is 2 54 mm All leads are located within 25mm of their longitudinal r. 
with respect to No 1 and No 18 leads 
All dimensions are in millimeters 



Note: Toshiba does not assume any responsibility for use of any circuitry described, no circuit patent li 

right, at any time without notice, to change said circuitry 
©Feb, 1981 Toshiba Corporation 



are implied, and Toshiba reserves the 
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■ TOSHIBA MOS MEMORY PRODUCTS 



1024 WORD X 4 BIT CMOS RAM 

SILICON GATE CMOS 



TC55I4P TC55I4P- 
TC55I4P-2 



DESCRIPTION 

The TC5514P is a full static read write memory 
organized as 1024 words by 4 bits using CMOS 
technology Because of ultra low power dissipation, 
the TC5514P can be used as battery operated 
portable memory system and also as a nonvolatile 
memory with battery back up The TC5514P oper- 
ates from a single 5V power supply with a static 
operation, so that the no refresh periods are required 
This simplifies the power supply circuit design 

FEATURES 

• Low Power Dissipation 
110juW(MAX ) STAND BY 

110mW (MAX ) OPERATING, TC5514P-1/-2 
138mW (MAX ) OPERATING, TC5514P 

• Data Retention Voltage 2V to 5 5V 

• Single 5V Power Supply 

• 18 PIN Plastic Package 



The three state outputs simplify the memory 
expansion making the TC5514P suitable for use in a 
microprocessor peripheral memory Since the mini- 
mum data retention voltage is 2V, the battery back 
up system needs only simple circuit By using 
Toshiba's original C 2 MOS technology, the device 
circuitry is not only simplified but wide operating 
margin and noise margin are also realized 

The TC5514P family is moulded in a dual-in-line 
18-pin plastic package, 3 inch in width 



Full Static Operation 

Three State Outputs 

Input/Output TTL Compatible 

Access Time 

TC5514P , t ACC - 450ns (MAX ) 

TC5514P-1, t AC c = 650ns (MAX) 

TC5514P-2, t ACC = 800ns (MAX ) 



?m CONNECTION 



A 6 [ 1 
As [ 2 
A4[3 
A3 C 4 
Ao[5 
Ai C 6 
A 2 £ 7 
CE[8 
GND £ 9 



f*IN NAMES 



18 ]V DD 
17 ]A 7 
16 ]A 8 
15 JA 9 
14 ]Data l/Oi 
13 ]Data l/0 2 
12 ]Data I/O3 
1 1 ] Date 1/O4 
10 ]R/W 



A ~A 9 


Address Inputs 


R/W 


Read Write Input 


CE 


Chip Enable Input 


Data I/O! ~ 4 


Data Input/Output 


V DD /GND 


Power Supply Terminal 



}CK DIAGRAM 


Aoo 




r— 1 


Ai O 


,_ 




A 2 


3 

CO 


■0 



A3O 


2 





A40 


"0 

< 




a. 


AsO 







Memory Cell Array 
64 x 64 



3 V DD 
D GND 
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maximum ratings 



SYMBOL 


ITEM 


RATING 


UNIT 


V D D 


Power Supply Voltage 


-0 3-7 


V 


V|N 


Input Voltage 


-0 3~V DD +0 3 


V 


V OUT 


Output Voltage 


o~v DD 


V 


P D 


Power Dissipation (Ta = 85°C) 


550 


mW 


T SOLDER 


Soldering Temperature Time 


260 10 


°C sec 


T STG 


Storage Temperature 


-55-150 


°C 


T OPR 


Operating Temperature 


-30-85 


°C 



D.C. RECOMMENDED OPERATING CONDITION 



SYMBOL I PARAMETER 


MIN 


TYP 


MAX 


UNIT 


Vdd 


Power Supply Voltage 


45 


50 


55 


V 


V| H 


Input High Level Voltage 


22 


- 


V D D+0.3 


V 


Vil 


Input Low Level Voltage 


-0 3 


- 


65 


V 


Vqh I Data Retention Voltage 


20 


- 


55 


V 



DX. CHARACTERISTICS (Ta = -30 - 85° C) 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN 


TYP (1) 


MAX 


UNIT 


'in 


Input Current 


0^V IN ^V DD 


- 


±0 05 


±1 


AtA 


'dds 


Standby Current 


V DD =2Vto5 5V 

CE = V DD -0 2V, Output Open 

Other Inputs = 2V or V DD -0 2V 


- 


02 


20 


MA 


'ddo 


Operating Current 


V DD =5 5V,t CY c = lMS 
Output Open 


TC5514P 


- 


13 


25 


mA 


TC5514P-1/-2 


- 


10 


20 


mA 


Ilo 


Output Leakage Current 


0^Vout^V dd 


- 


±0 05 


±1 


HA 


•oh 


Output High Current 


V DD = 4 5V, Vqh =2 4V 


-1 


-2 


- 


mA 


lOL 


Output Low Current 


V dd = 4 5V, V 0L =0 4V 


20 


30 


- 


mA 


Cj (2) 


Input Capacitance 


f = 1MHz 


- 


5 


10 


pF 


C (2) 


Output Capacitance 


f = 1MHz 


- 


7 


15 


pF 



b(1) Ta=25°C V DD = 5V 

(2) This parameter is periodically sampled and is not 100% tested 
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A,C. BECOMIttENDiD OPERATING CONDITION 

TC5514P 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN. 


MAX 


UNIT 


tRC 


Read Cycle Time 


V D d =45-5 5V 
C L = 100pF + 1 TTLGate 
V IH =22~V DD +03V 
V| L - -0.3 -0 65V 
Ta = -30 ~ 85°C 


450 


- 


ns 


twc 


Write Cycle Time 


450 


- 


ns 


twp 


Write Pulse Width 


350 


- 


ns 


*DS 


Data Setup Time 


200 


- 


ns 


tDH 


Data Hold Time 





- 


ns 


t\A/R 


Write Recovery Time 





- 


ns 


t AW 


Address Setup Time 


30 


- 


ns 


tfJH 


Output Data Hold Time 


30 


- 


ns 



TC5514P-1 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN 


MAX 


UNIT 


tRC 


Read Cycle Time 


V D d =4 5-5 5V 

C L = 100pF+ 1 TTLGate 

V| H =22~Vdd+03V 

V| L =-0 3-0 65V 

Ta = -30 - 85° C 


650 


- 


ns 


twc 


Write Cycle Time 


650 


- 


ns 


twp 


Write Pulse Width 


350 


- 


ns 


*DS 


Data Setup Time 


200 


- 


ns 


tDH 


Data Hold Time 





- 


ns 


tWR 


Write Recovery Time 





- 


ns 


tAW 


Address Setup Time 


50 


- 


ns 


tQH 


Output Data Hold Time 


30 


- 


ns 



TC5514P-2 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN 


MAX 


UNIT 


tRC 


Read Cycle Time 


V D d =4 5- 5 5V 
C L = 100pF + 1 TTLGate 
V |H -22-V DD +0 3V 
V, L --0 3 -0 65V 
Ta = -30 ~ 85° C 


800 


- 


ns 


twc 


Write Cycle Time 


800 


- 


ns 


twp 


Write Pulse Width 


450 


- 


ns 


tDS 


Data Setup Time 


250 


- 


ns 


tDH 


Data Hold Time 





- 


ns 


tWR 


Write Recovery Time 





- 


ns 


tAW 


Address Setup Time 


50 


- 


ns 


tQH 


Output Data Hold Time 


30 


- 


ns 
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A.C, CHARACTERISTICS (Ta = -30 ~ 85°C) 

TC5514P 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN 


TYP 


MAX 


UNIT 


tACC 


Access Time 


V D d =4 5- 5 5V 

C L = 100 pF 

V 0H = 2 2V, Vql =0 65V 


- 


- 


450 


ns 


tco 


CE Access Time 


- 


- 


450 


ns 


tDIS 


Output Disable Time 


- 


- 


150 


ns 


t COE 


Output Enable Time 


20 


150 


- 


ns 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN 


TYP 


MAX 


UNIT 


t ACC 


Access Time 


V D D = 4 5 ~ 5 5V 

C L = 100pF 

V 0H = 2 2V, Vql =0 65V 


- 


- 


650 


ns 


tco 


CE Access Time 


- 


- 


650 


ns 


tDIS 


Output Disable Time 


- 


- 


150 


ns 


tCOE 


Output Enable Time 


20 


150 


- 


ns 



TC5514P-2 



SYMBOL 



tACC 



tco 



tDIS 



tCOE 



PARAMETER 



CE Access Time 



Output Disable Time 



Output Enable Time 



CONDITIONS 



V D d =45-5 5V 

C L = 100 pF 

V 0H = 2 2V, Vql = 65V 



20 



200 



800 



800 
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lM\m WAVEFORMS 



• Read Cycle 



(1) 



V| H y" v iH 

V|lA v il 



A\ 



Lai 



v OH v OH 

vol v ol 



Write Cycle 1 (R/W Controlled) 



V|H'y- v IH 



VihV 



^v 



v.l// 



, l / Vih 



Av.'l 



v ihV 
VilA 



Write Cycle 2 (CE Controlled) 



V IH - U'V|H 

Vil|\. v il 






^^ 



Rl\- p 



A V ' L V "-A 



Notes (1) R/W is high for a Read Cycle 

(2) If the CE low transition occurs simultaneously with the R/W low transition, the output 
buffers remain in a high impedance state 
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TOSHIBA 



OUTLINE DRAWINGS 



Unit in mm 
24 23 22 2120 19 18 17 16 15 14 13 



rtiftifprlirprprt'prprprhrpirh 



1 234 56 7 8 910 11 12 
32 4 MAX. 



1 5 




Note Each lead pitch is 2 54 mm All leads are located within 25 mm of their 
longitudinal position with respect to No 1 and No 24 leads 
All dimensions are in millimeters 



Note Toshiba does not assume any responsibility for use of any circuitry described, no circuit patent licenses are implied, and Toshiba reserves 

the right, at any time without notice, to change said circuitry 
©Sept , 1979 Toshiba Corporation 
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■ TOSHIBA MOS MEMORY PRODUCTS 



1024 WORD X 4 BIT CMOS STATIC RAM 

SILICON GATE CMOS 



TC55I4AP-2/-3, TC55 I 4APL-2/-3 
TC55I4AD-2/-3, TC55 I 4ADL-2/-3 



DESCRIPTION 

The TC5514AP/AD is a 4,096 bit high speed and 
low power static random access memory organized as 
1 ,024 words by 4 bits using CMOS technology, and 
operates from a single 5-volt supply 

The TC5514AP/AD is compatible with the indus- 
try produced NMOS 21 14 type 4KRAM, yet offers a 
more than 90% reduction in power of their NMOS 
equivalents 

The TC5514AP/AD is a fully CMOS RAM, there- 
fore it is suited for use in low power applications 
where battery operation and battery back up for 



nonvolatihty are required Furthermore theTC5514 
APL/ADL guaranteed a standby current equal to or 
less than 1juA at 60°C ambient temperature is availa- 
ble 

The TC5514AP/AD is guaranteed for data reten- 
tion at a power supply as low as 2 volts The TC5514 
AP/AD is directly TTL compatible in all inputs and 
outputs 

The TC5514AP/AD is offered in both standard 18 
pin plastic and cerdip packages, 0.3 inchs in width 



FEATURES 

• Standby Current 

Jn'Aly^llTinor ) - TC5514APL/ADL 
1 0/iA (Max.) at Ta=60 C J 

20/i A (Max) TC5514AP/AD 

• Low Power Dissipation 15mW (Typ ) operating 

• Single 5-volt Supply 5V±10% 

• Data Retention Supply Voltage 2 ~ 5 5V 

• Three State Outputs 

• All Inputs and Outputs Directly TTL Compatible 

PIN CONNECTION 



» Access Time 
200ns (Max ) TC5514AP/APL/AD/ADL-2 
300ns (Max ) TC5514AP/APL/AD/ADL-3 

• Fully Static Operation 

• On-chip Address Transition Detector 

• Fully Compatible with TMM314AP Family 
(Nch2114type4KRAM) 

• Package 

Plastic DIP TC5514AP/APL 
Cerdip DIP TC5514AD/ADL 

BLOCK DIAGRAM 



A 6 [ 1 

a 5 : 2 

A 4 £ 3 
A 3 C4 
Ao[ 5 
AlC 6 
A 2 [7 
«[8 
GNDC 9 



PIN NAMES 



18 3 V DD 

i?:a 7 

16[]A 8 

15]A 9 

14 3 Data l/Oj 

13 3 Data l/0 2 

12 ] Data I/O3 

11 3 Data I/O 4 

10DR/W 



A ~A 9 


Address Inputs 


R/W 


Read Write Control Input 


CE 


Chip Enable Input 


Data l/Oi ~ 4 


Data Input/Output 


V DD /GND 


Power Supply Terminals 



Clock 
Generator 





t 


A 4 — 




AsO 


a 






A 6 


■0 




< £ 


A7O 


*r 




3 


A 8 


a: 00 


A9O 





<s 



Memory Cell 
Array 
(64 x 64) 



3V DD 
)GND 
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MAXIMUM RATINGS 



SYMBOL 


ITEM 


RATING 


UNIT 


V D D 


Power Supply Voltage 


-03-70 


V 


Vin 


Input Voltage 


-03-70 


V 


V|/o 


I/O Voltage 


o~v DD 


V 


P D 


Power Dissipation 
(Ta = 85°C) 


TC5514AP/APL 


550 


mW 


TC5514AD/ADL 


800 


mW 


"•"solder 


Soldering Temperature Time 


260 10 


°C sec 


T STG 


Storage Temperature 


-55-150 


°C 


T OPR 


Operating Temperature 


-30 ~ 85 


°C 



D,C. RECOMMENDED OPERATING CONDITIONS 



SYMBOL 


PARAMETER 


MIN 


TYP 


MAX 


UNIT 


V D D 


Power Supply Voltage 


45 


50 


55 


V 


V| H 


Input High Level Voltage 


22 


- 


V DD + 3 


V 


V| L 


Input Low Level Voltage 


-0 3 


- 


08 


V 


V D H 


Data Retention Voltage 


20 


- 


55 


V 



D.C. CHARACTERISTICS (V DD = 5V ± 10%, Ta = -30 ~ 85°C unless otherwise noted ) 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN 


typ nT 


MAX 


UNIT 


l|L 


Input Leakage Current 


ov^v, N ^v DD 


- 


- 


±1 


MA 


Ilo 


Output Leakage Current 


CE=V| H ,0V^ V I/0 ^V DD 


- 


- 


±1 


fJLA 


'oh 


Output High Current 


V H = 2 4V 


-1 


- 


- 


mA 


lOL 


Output Low Current 


Vol = 4V 


20 


- 


- 


mA 


'dds 


Standby Current 


V DD = 2V ~ 5 5V 

All Inputs = 

2V or V DD - 2V 


TC5514APL 
TC5514ADL 


Ta=25°C 


- 


- 


02 


ma 


Ta = 60° C 


- 


- 


1 


juA 


TC5514AP 
TC5514AD 


- 


05 


20 


HA 


'ddoi 


Operating Current 


tcycle = 1MS, Iout =0mA 


- 


50 


90 


mA 


'DD02 


tcycle = 1MS, V| H =V DD , V )L =0V, Iqut =0mA 


- 


30 


50 



Note (1) V DD =5V, Ta = 25°C 



CAPACITANCE^ (Ta = 25°C, f = 1MHz 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN 


TYP 


MAX 


UNIT 


C IN 


Input Capacitance 


v lN =ov 


- 


4 


8 


pF 


C|/o 


Input/Output Capacitance 


V|/ O =0V 


- 


5 


10 


PF 



Note (2) This parameter is periodically sampled and is not 100% tested 
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A.C. CHARACTERISTICS 

• READ CYCLE 



(V DD = 5V ± 10%, Ta = -30 ~ 85°C) 



SYMBOL 


PARAMETER 


TC5514AP-2/APL-2 
TC5514AD-2/ADL-2 


TC5514AP-3/APL-3 
TC5514AD-3/ADL-3 


UNIT 


MIN 


MAX 


MIN 


MAX 


*RC 


Read Cycle Time 


200 


- 


300 


- 


ns 


tACC 


Access Time 


_ _ _—_ 


200 
70 


— 


300 


ns 


tco 


CE Access Time 


100 


ns 


tOH 


Output Data Hold Time 


15 


- 


20 


- 


ns 


tDIS 


Output Disable Time 
Output Enable Time 


5 


60 


- 


80 


ns 


tCOE 


- 


5 


- 


ns 



• WRITE CYCLE 



SYMBOL 


PARAMETER 


TC5514AP-2/APL-2 
TC5514AD-2/ADL-2 


TC5514AP-3/APL-3 
TC5514AD-3/ADL-3 


UNIT 


MIN 
200 


MAX 


MIN 


MAX 


*WC 


Write Cycle Time 


300 


- 


ns 


Uw 


Address Setup Time 





- 





- 


ns 


twp 


Write Pulse Width 


120 


- 


150 


- 


ns 


tDS 


Data Setup Time 


120 


- 


150 


- 


ns 


tDH 


Data Hold Time 





- 





- 


ns 


t\A/R 


Write Recovery Time 





- 





- 


ns 



AX. TEST CONDITIONS 

• Output Load 100 pF + 1 TTL Gate 

• Input Pulse Levels 6V, 2 4V 

• Timing Measurement Reference Levels 

Input 8V, 2 2V 

Output 8V, 2 2V 

» Input Pulse Rise and Fall Times 10 ns 
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TltfffiS' WAVE FORMS 



• Read Cycle^ 



TTV v ih 

L AVlL 






Zzzz 



:% — r 



• Write Cycle 1 (R/W Controlled) 



V| H vTVih 
V| L A_V, L 



V "-A 



^ 



\ \ V|L V|L/ 






HL 






• Write Cycle 2 (CE Controlled) 



DOUT 






\\\Y 



^ 



7 C Vm 
-V|L Vil / 



;V, H y//// 



±t 



4,VJ L STABLE V, L ^ 



Notes (1) R/W isjTigh for a Read Cycle 

(2) If the CE low transition occurs simultaneously with the R/W low transition, the output 
buffers remain in a high impedance state 
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OUTLINE DftAWHSIGS 



• PLASTIC PACKAGE 



18 17 16 15 14 13 12 11 10 




• CERDIP PACKAGE 



123456 789 




046±0 15 
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TOSHIBA 



Notes Toshiba does not assume any responsibility for use of any circuitry described, no circuit patent licenses are implied, and Toshiba reserves the 

right, at any time without notice, to change said circuitry 
©Feb, 1981 Toshiba Corporation 
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B TOSHIBA MOS MEMORY PRODUCTS 



2048 WORD x 8 BIT CMOS STATIC RAM 

SILICON GATE CMOS 



TC55 I 6AP 
TC55 I 6APL 



DESCRIPTION 

The TC5516AP is a 16384-bit static random access 
memory organized as 2048 words by 8 bits using 
CMOS technology, and operates from a single 5 
volt supply 

The TC5516AF^ is featured by two chip enable 
inputs, that is, CEj for fast memory access and CE 2 
for a minimum standby current mode, and is suited 
for low power application where battery operation 
or battery back up for nonvolatihty are required 
Furthermore the TC5516APL guaranteed a standby 
current equal to or less than 1juA at 60°C ambient 



temperature is available 

The TC5516AP is also featured by pin compatibili- 
ty with 2716 type EPROM This means that the 
TC5516AP and EPROM can be interchanged in the 
same socket, and the flexibility in the definition of 
the quantity of RAM versus EPROM obtained as a 
result allows the wide application in microcomputer 
system 

The TC551 6AP is moulded in a dual-in-line 24 pin 
standard plastic package 



FEATURES 

• Standby Current 

2/uA(Max) at Ta = 25' 

1 OjuA (Max) atTa = 60' 
30 nA (Max ) 

• Low Power Dissipation 

• Single 5V Power Supply 

• Data Retention Supply Voltage 



TC5516APL 



. TC5516AP 
200mW (Typ ) Operating 



2 0- 5.5V 



Fully Static Operation 

Fast Access Time 250ns (Max ) 

Two Chip Enable (CEi , CE 2 ) for Simple Memory 

Expansion and Battery Back Up 

All Inputs and Outuput Directly TTL Compatible 

Three State Outputs 

Standard 24 pin Plastic Package 



PIN CONNECTION 



BLOCK DIAGRAM 



PIN NAMES 




A ~ Aj o 


ADDRESS INPUTS 


R/W ' 


READ/WRITE CONTROL INPUT 


CEi.CE 2 


CHIP ENABLE INPUTS 


l/Oj-l/O,, 


DATA INPUT/OUTPUT 


Vdd 


POWER (+5V) 


GND 


GROUND 
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ABSOLUTE MAXIMUM RATINGS 



SYMBOL 


ITEM 


RATING 


V D D 


Power Supply Voltage 


-0 3V ~ 7 0V 


Vin 


Input Voltage 


-0 3V ~ 7 0V 


V|/o 


Input/Output Voltage 


ov ~ V DD 


P D 


Power Dissipation (Ta = 85°C) 


8W 


T STG 


Storage Temperature 


-55°C ~ 150°C 


T OPR 


Operating Temperature 


-30° C ~ 85° C 


T SOLDER 


Soldering Temperature Time 


260° C • 10 sec 



RECOMMENDED D.C. OPERATING CONDITIONS (Ta - »30°C - 85°C) 



SYMBOL J 


PARAMETER 


MIN 


TYP 


MAX 


UNIT 


V D D 


Power Supply Voltage 


45 


50 


55 


V 


V| H l 
V| L 


Input High Voltage 


22 


- 


V DD + 3 


V 


Input Low Voltage 


-0 3 


- 


08 


V 


V D H 


Data Retention Voltage 


20 


- 


55 


V 



D.C. CHARACTERISTICS (Ta * -30°C - 85°C, V m - 5V : 



10%) 



SYMBOL 
■in 
Ilo 


PARAMETER 


CONDITIONS 


MIN 


TYP 


MAX 


UNIT 


Input Load Current 


o^v, N ^v DD 


^v DD 


- 


- 


±1 


M A 


I/O Leakage Current 
Output High Current 


CE 2 =V IH ,0V^V, /o 


- 


- 


±50 


fiA 


'oh 


V H = 2 4V 


-1 


-2 


- 


mA 


lOL 


Output Low Current 


V 0L =0 4V 


20 


30 


- 


mA 


'DDSi 


Standby Supply Current 


Cl7 = 2 2V 


- 


1 


30 


mA 


'dDS2 


CE^ = V DD - 5V 
V DD - 2 ~ 5 5V 


TC5516APL 


Ta = 25°C 


- 


- 


02 


HA 


Ta = 60° C 


- 


- 


1 


TC5516AP 


- 


05 


30 


'DDOl 


Operating Supply Current 


CEl = 0V, V| N = V| H /V| L , l UT = 0mA 


- 


40 


70 


mA 


•dD02 


CE 2 = 0V, V| N = V DD /GND, Iqut = 0mA 


- 


30 


55 



Note Typical values are at Ta = 25°C, V DD = 5V 



CAPACITANCE (Ta - 2S° C, f - WHt} 



SYMBOL 


PARAMETER 


MIN 


TYP 


MAX 


UNIT 


C IN 


Input Capacitance 


- 


5 


10 


pF 


C|/o 


Input/Output Capacitance 


- 


5 


10 


PF 



Note This parameter is periodically sampled and is not 100% tested 
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A.C. CHARACTERISTICS <Ta - -30 - 8S°C, Vpp » &V ± 10%) 

• Read Cycle 



SYMBOL 


PARAMETER 


MIN 


TYP 


MAX 


UNIT 


tRC 


Read Cycle Time 


250 


- 


- 


ns 


tACC 


Access Time 


- 


- 


250 


ns 


tcoi 


CEi to Output Valid 


- 


- 


100 


ns 


tC02 


CE 2 to Output Valid 


- 


- 


250 


ns 


tCOE 


CEj or CE 2 to Output Active 


10 


- 


- 


ns 


tOD 


Output High-Z from Deselection 


- 


- 


80 


ns 


tOH 


Output Hold from Address Change 


10 


- 


- 


ns 


• Write Cycle 


SYMBOL 


PARAMETER 


MIN 


TYP ' MAX 


UNIT 


%c 


Write Cycle Time 


250 


- 


ns 


twp 


Write Pulse Width 


200 


- 


ns 


*AW 


Address Set up Time 





- 


- 


ns 


*WR 


Write Recovery Time 


10 


- 


- 


ns 


tfJDW 


Output High-Z from R/W 


- 


- 


80 


ns 


tOEW 


Output Active from R/W 


10 


- 


- 


ns 


tDS 


Data Set up Time 


120 


- 


- 


ns 


tDH 


Data Hold Time 





- 


- 


ns 



A.C. TEST CONDITIONS 

Output Load 100pF + ITTLGate 

Input Pulse Levels 6V, 2 4V 

Timing Measurement Reference Levels 
Input 8V and 2 2V 

Output 8V and 2 2V 

Input Pulse Rise and Fall Times 10 ns 



TIMING WAVEFORMS 

• READ CYCLE 




>^o^ v OH 

OUTPUT DATA VALID ,, 
! r V OL V OL 
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• WRITE CYCLE 1. 




DATA IN STABLE Y 



• WRITE CYCLE 2. 



"CE 2 (CEi) 




X DATA IN STABLE V 

/ VlL VlLf X 



UNKNOWN 
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NOTE (1) R/W is high for a Read Cycle 

(2) twP is specified as the logical "AND'^_of CEi_, CE 2 and R/W. 

twP is measured from the latter of CEj , CE 2 or R/W going low to the earlier of CEj , CE 2 or R/W 
going high 

(3) tDH / tDS are measured from the earlier of CE t , CE 2 or R/W going high 

(4) If the CEj or CE 2 low transition occurs simultaneously with or latter from the R/W low transition 
in a Write Cycle 1 , the output buffers remain in a high impedance state in this period 

(5) If the CEj or CE 2 high transition occurs prior to or simultaneously with the R/W high transition in a 
Write Cycle 1 , the output buffers remain in a high impedance state in this period 

(6) If the R/W is low or the R/W low transition occurs prior to or simultaneously with the CEj or CE 2 
low transition, the output buffers remain in a high impedance state in this period 

(7) A write occurs during the overlap of a low CEj , low CE 2 and low R/W 
In write cycle 2, write is controlled by either CEj or CE 2 

DATA RETENTION CHARACTERISTICS {Ta - -30 ~ 85° C) 



SYMBOL 


PARAMETER 




MIN 


^TYP ' 


MAX 


UNIT 


Vdh 


Data Retention Power Supply Voltage 


20 


- 


55 


V 


bDS2 

tCDR 
tR 


Standby Supply Current 


TC5516APL 


Ta = 25° C 


- 


- 


02 


fiA 


Ta = 60° C 


- 


I _ 


1 


[ M 




TC5516AP 


- 




30 


HA 


Chip Deselection to Data Retention Mode 







- 


Us 


Recovery Tim 


ftpcd) 


I T~ 


- 


/us 



Note (1) to 



Read cycle time 




DATA RETENTION MODE 




Note 

(2) If the V|n level of CE 2 is 2 2V, during the period that the Vrjrj voltage is going down from 4 5V to 2 7 V, 

'SSD - ! current flows 

(Refer to D C CHARACTERISTICS OR TYPICAL CHARACTERISTICS ) 
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TYPICAL CHAR&CTEBtSTICS 







tACC v 


Vdd 


















Ta = 25°C 
C L = 100pF 


























































































































7 













Ta = 


25°C 














C L = 100pF 





































































































tACC-tCO! vs 


Ta 
















V D D = 4 5V 
C[_=100pF 


































tcoi .^ 














^^^'tACC 








^^T 


























s 

















40 80 

Ta (°C) 







A t A CC 


vs C L 
















V DD =4 5V 
Ta = 25°C 


























^ 

























































































V 


IH. V IL 


vs V DD 






25 












Ta = 25°C 












> 2 ° 




















V,H 














S 1 5 
> 






















V|L 












1 









































V 


IH. V| L 


vs Ta 


















V| H 

V DD =5 5V 
V|L 

V DD =4 5V 














„ 












> 










V 


IH 








































1 










V|L 



































CE 2 


= 0V 














Ta = 25°C 














/ 















































































































V DD =5 5V 












CE 2 =0V 













































































































V DD = 5 5V 












Ta = 25°C 


















































































1 









5 
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Ta = 25°C 
CE 2 = 2 2V 
other inputs = 
8 ~ 2 2V 



































































!ddsi 


vs T 


















V DD =5 5V 
CE 2 = 2 2V 
other inputs = 
8 ~ 2 2V 

















































































































Ta = 25°C 














CE 2 =V DD -0 5V 







































































































•de 


S1 vs 


Vin (CE 2 ) 
















V DD = 5 5V 
other inputs = 
8 ~ 2 2V 
Ta = 25°C 







































































































l DDS2 vs V| N (l 









1 




















other inputs = 
8 ~ 2 2V 
Ta = 25°C 


































1 











































Vdd 


= 4 5V 






— 








Ta = 25°C 































































































V| N (CE 2 ) (V) 









DDS2 


vs Ta 


















V DD =5 5V 
CE 2 = 5 OV 
























f 




































































































































. / 

















20 








OL vs 


Vol 


















V D d = 4 5V 
Ta = 25°C 


15 




























_E 

_i 10 

_o 


































5 
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TOSHIBA 



OUTLINE DRAWINGS 



24 23 22 21 20 19 18 17 16 15 14 13 

nnr~ir-ir~inrii— ir-inni— i 



^A 



uuuuuuuuuuuu 

1 2 3 4 5 6 7 8 9 10 11 12 





-D D — K 



Note Each lead pitch is 2 54 mm All leads are located within 25 mm of their true longitudinal position with respect to No 1 and No 24 leads 
All dimensions are in millimeters 



Note Toshiba does not assume any responsibility for use of any < 

the right, at any time without notice, to change said circuitry 
©Feb , 1981 Toshiba Corporation 



uitry described, no cir 



licenses are implied, and Toshiba reserves 
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TOSHIBA MOS MEMORY PRODUCTS 



2048 WORD x 8 BIT CMOS STATIC RAM 

SILICON GATE CMOS 



TC55 I 7AP 
TC55 I 7APL 



DESCRIPTION 

The TC551 7AP is a 1 6384-bit static random access 
memory organized as 2048 words by 8 bits using 
CMOS technology, and operates from a single 5 volt 
supply. 

The TC5517AP is featured by output enable and 
chip enable inputs, that is, OE for fast memory access 
and CE for a minimum standby current mode, and is 
suited for low power application where battery opera- 
tion or battery back up for nonvolatihty are required 
Furthermore the TC5517APL guaranteed a standby 
current equal to or less than 1/xA at 60°C ambient 

FEATURES 



Standby Current 

2/iA (Max.) atTa = 25' 

1 0/iA (Max.) atTa = 60' 
30/uA (Max.) 
Low Power Dissipation 
Single 5V Power Supply 

Data Retention Supply Voltage 



TC5517APL 



C 
C 

TC5517AP 
200mW(Typ ) Operating 



2 ~ 5 5V 



PIN CONNECTION (top view) 



PIN NAMES 




A ~A 10 


Address Inputs 


R/W 


Read/Write Control Input 


OE 


Output Enable Input 


CE 


Chip Enable Input 


l/Oj ~ l/0 8 


Data Input/Output 


V D D 


Power (+5V) 


GND 


Ground 



PRELIMINARY 

temperature is available 

The TC551 7AP is also featured by pin compatibili- 
ty with 2716 type EPROM This means that the 
TC5517AP and EPROM can be interchanged in the 
same socket, and the flexibility in the definition of 
the quantity of RAM versus EPROM obtained as a 
result allows the wide application in microcomputer 
system 

The TC5517AP is moulded in a dual-in-line 24 pin 
standard plastic package 



• Fast Access Time : 

tACC = 250ns (Max ) 
tOE = 100ns (Max ) 

• All Inputs and Output Directly TTL Compatible 

• Three State Outputs 

• Standard 24 pin Plastic Package 

• Fully Static Operation 

BLOCK DIAGRAM 
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ABSOLUTE MAXIMUM RATINGS 



SYMBOL 


ITEM 


RATING 


Vdd 


Power Supply Voltage 


-0 3V ~ 7 0V 


Vin 


Input Voltage 


-0 3V ~ 7 0V 


V|/o 


Input/Output Voltage 


~ v DD 


P D 


Power Dissipation (Ta = 85°C) 


8W 


T STG 


Storage Temperature 


-55°C ~ 150°C 


T OPR 


Operating Temperature 


-30°C ~ 85°C 


T SOLDER 


Soldering Temperature Time 


260°C 10 sec 



RECOMMENDED D.C. OPERATING CONDITIONS (Ta - -»30°C - 85°C) 



SYMBOL 


PARAMETER 


MIN 


TYP 


MAX 


UNIT 


Vdd 


Power Supply Voltage 


45 


50 


55 


V 


V|H 


Input High Voltage 


22 


- 


V D d +0 3 


V 


V| L 


Input Low Voltage 


-0 3 


- 


08 


V 


Vdh 


Data Retention Voltage 


20 


- 


55 


V 



D.C. CHARACTERISTICS (Ta - -3<TC - 85°C, Vdd » 


5V ± 10%) 












SYMBOL 


PARAMETER 


CONDITIONS 


MIN 


TYP 


MAX 


UNIT 


l|L 


Input Load Current 


0<V, N <V DD 


- 


- 


±1 


/xA 


"lo 


I/O Leakage Current 


CE = V,h,0V<V i/o <V dd 


- 


- 


±50 


MA 


'oh 


Output High Current 


V h = 2 4V 


-1 


-2 


- 


mA 


l0L 


Output Low Current 


V 0L = 4V 


20 


30 


- 


mA 


•ddsi 


Standby Supply Current 


CE = 2 2V 


- 


1 


3.0 


mA 


! DDS2 


CE = V DD - 5V 
V DD -2-55V 


TC5517APL 


Ta = 25°C 


- 


- 


02 


fiA 


Ta = 60°C 


- 


- 


1 


TC5517AP 


- 


05 


30 


•ddoi 


Operating Supply Current 


CE=0V,V| N =V|H/V, L ,l O UT = 0mA 


- 


40 


70 


mA 


'dD02 


CE=0V,V, N =V DD /GND, l 0UT =0mA 


- 


30 


55 



Note Typical values are at Ta = 25°C, Vqd = 5V 



CAPACITANCE (Ta - 25°C, f » 1MHz) 



SYMBOL 


PARAMETER 


MIN 


TYP 


MAX 


UNIT 


C|N 


Input Capacitance 


- 


5 


10 


pF 


c l/0 


Input/Output Capacitance 


- 


5 


10 


pF 



Note This parameter is periodically sampled and is not 100% tested 
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A.C. CHARACTERISTICS (Ta * 
• Read Cycle 



-30 ~ 85°C, V DD = 5V + 10%) 



SYMBOL 


PARAMETER 


MIN 


TYP 


MAX 


UNIT 


*RC 


Read Cycle Time 


250 


- 


- 


ns 


*ACC 


Access Time 


- 


- 


250 


ns 


tOE 


OE to Output Valid 


- 


- 


100 


ns 


*CO 


CE to Output Valid 


- 


- 


250 


ns 


tCOE 


OE or CE to Output Active 


10 


- 


- 


ns 


tOD 


Output High-Z from Deselection 


- 


- 


80 


ns 


tOH 


Output Hold from Address Change 


10 


- 


- 


ns 


• Write Cycle 


SYMBOL 


PARAMETER 


MIN 


TYP. 


MAX 


UNIT 


t WC 


Write Cycle Time 


250 


- 


- 


ns 


twp 


Write Pulse Width 


200 


- 


- 


ns 


Uw 


Address Set up Time 





- 


- 


ns 


tWR 


Write Recovery Time 


10 


- 


- 


ns 


tODW 


Output High-Z from R/W 


- 


- 


80 


ns 


tOEW 


Output Active from R/W 


10 


- 


- 


ns 


*DS 


Data Set up Time 


120 


- 


- 


ns 


*DH 


Data Hold Time 





- 


- 


ns 



A.C. TEST CONDITIONS 

Output Load 100pF + 1TTLGate 

Input Pulse Levels : 6V, 2 4V 
Timing Measurement Reference Levels 
Input 0.8V and 2 2V 

Output . 8V and 2 2V 
Input Pulse Rise and Fall Times 10 ns 



TIMING WAVEFORMS 
• Read Cycled 1 ) 
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TOSHl 



Write Cycle 1^ 



D OUT 




X DATA IN STABLE Y 



Write Cycle 2<2) 



D OUT 



\^ V IH 




V| H J y^ V IH 
V|L 7 A r V|L 






V DATA IN STABLE ^ 



UNKNOWN 



no- 



NOTE (1 ) R/W is high for a Read Cycle 

(2) OE_^V| H orV| L 

If OE = Vm during write cycle, the output buffers remain in a high impedance state 

(3) twp is specified as the logical "AND^of CE and R/W. 

twP is measured from the latter of CE or R/W going low to the earlier of CE or R/W going high 

(4) tDH, tos a re measured from the earlier of CE or R/W going high 

(5) If the CE low transition occurs simultaneously with or latter from the R/W low transition in a Write 
Cycle 1 , the output buffers remain in a high impedance state in this period 

(6) If the CE high transition occurs prior to or simultaneously with the R/W high transition in a Write 
Cycle 1 , the output buffers remain in a high impedance state in this period 

(7) If the R/W is low or the R/W low transition occurs prior to or simultaneously with the CE low transi- 
tion, the output buffers remain in a high impedance state in this period 

DADA RETENTION CHARACTERISTICS {Ta - -30 - 85®C) 



SYMBOL 


PARAMETER 


MIN 


TYP 


MAX 


UNIT 


V D R 


Data Retention Power Supply Voltage 


20 


- 


55 


V 


'DDS2 


Standby Supply Current 


TC5517APL 


Ta=25°C 


- 


- 


02 


/uA 


Ta = 60° C 


- 


- 


1 


juA 


TC5517AP 


- 


- 


30 


HA 


tCDR 


From Chip Deselection to Data Retention Mode 





- 


- 


fis 


tR 


Recovery Time 


tRC (1) 


- 


- 


lis 



Note(l) t R c Read cycle time 




DATA RETENTION MODE 




Note (2) If the V| H level of CE is 2 2V, during the period that the V DD voltage is going down from 4.5V to 2.7V, IDDS1 current flows. 



Ill" 



TOSHIBA 



OUTLINE DRAWINGS 



24 23 22 21 20 19 18 17 16 15 14 13 

i~innnnnnnnnni-i 



R1.5 ^T 



UUUUUUUUUUUU 

1 2 3 4 5 6 7 8 9 10 11 12 



32.4 MAX 




V 



-0 EH"); 



Note. Each lead pitch is 2.54 mm All leads are located within 0.25 mm of their true longitudinal position with respect to No. 1 and No 24 leads. 
All dimensions are in millimeters. 



Note Toshiba does not assume any responsibility for use of any circuitry described, no circuit patent licenses are implied, and Toshiba reserves 

the right, at any time without notice, to change said circuitry 
©Feb., 1981 Toshiba Corporation 
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Mask Programmable Read Only Memories 
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■ TOSHIBA MOS MEMORY PRODUCTS 



2048 WORD x 8 BIT MASK ROM 

N CHANNEL SILICON GATE DEPLETION LOAD 



TMM334P 



DESCRIPTION 

TMM334P is a 16,384 bits read only memory 
organized as 2048 words by 8 bits and is compatible 
with 12716 type (16K EPROM). It is suitable for use 
in programming of production apparatus used micro 
processor because of its low cost per bit 

TMM334P's mask making is carried out by com- 
puter using punched paper tape data of customer and 
then sample manufacturing will start Then for cus- 
tomer, 16384 bits memory data and three chip select 
input active logic are programmable 

Therefore TMM334P manufacturing procedure 
goes through three steps before mass production 
First step is a acceptance of customer's punched 



paper tape data. Second step is a presentation of 
programmed sample (Engineering Sample) for cus- 
tomers Third step is a verification of Engineering 
Sample by customers. Sample verification is most 
important and Toshiba will enter into mass produc- 
tion after above three steps are concluded Then 
Toshiba will adopt a established on-line system and so 
can respond to a customer's needs quickly and can 
maintain a stable delivery. 

TMM334P is fabricated with ion implanted N- 
channel silicon gate technology This technology 
allows a production of high performance TMM334P 
is moulded in a 24 pin standard plastic package 



FEATURES 

• Single 5V supply voltage, Vfjc = 5V± 10% 

• Access time, tACC = 450 ns (Max) 

• Directly TTL compatible, All inputs and outputs 

• Programmable chip select inputs, CS1, CS2, CS3 Easy memory expansion 

• Three state output, OR tie capability 

» Static operation, No clocks are required 

• Input protected, All inputs have protection against static charge 

• Pin to pin compatible, TMM323D, i2316E, i2716 

PIN CONNECTION SLOCK Of ABHAU 



A 7 [ 1 
A 6 [2 
As [3 
A 4 [4 
A 3 C 5 
A 2 C 6 
AlC7 
A [ 8 
Do [9 
DjClO 
D 2 [11 
GND[12 



24}V CC 

23]A 8 

22]A 9 

21 ]CS 3 /CS 3 

20 3CSX/CS! 

19 3A 10 

18 ]cs 2 /cs 2 

17DD 7 
16DD 6 
15]D 5 
14TD 4 
13]D 3 



V C C GND 
9 ? 



CS^CSj 

cs 2 /cs 2 
CS3/CS3 



P\H NAMES 



A ~A 6 


Row address inputs 


A 7 ~A 10 


Column address inputs 


D ~D 7 


Data outputs 


CSj/CSj ~CS 3 /CS 3 


Chip select inputs 


vcc 


VCC Power Supply Voltage 


GND 


Ground 



D Dt D 2 D3D4 D 5 D 6 D^ 
00000000 



Output buffer 



Column decoder 
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MAXIMUM RATINGS 



SYMBOL 


ITEM 


RATING 


UNIT 


v C c 


Power supply voltage 


-0 5 ~ 7 


V 


V|N,Vo(JT 


Input and output voltage 


-05-70 


V 


Topr 


Operating temperature 


0-70 


°C 


Tstg 


Storage temperature 


-55 ~ 1 50 


°C 


TSOLDER 


Soldering temperature time 


260 • 10 


°C sec 


PD 


Power Dissipation (Ta = 70°C) 


1 


W 



D.C. OPERATING CONDITION 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN. 


TYP 


MAX 


UNIT 


V| H 


Input high voltage 


- 


20 


- 


Vcc + 1 


V 


Vil 


Input low voltage 


- 


-0 5 


- 


08 


V 


Vcc 


Power supply voltage 


- 


45 


- 


55 


V 



D.C, and OPERATING CHARACTERISTICS (Ta - d C - 70°C) 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN. 


TYP 


MAX 


UNIT 


llH 


Input high current 


Vin = Vcc 
Vin =GND 


- 


01 


10 


HA 


IlL 


Input low current 


- 


-0.01 


-10 


HA 


VOH 


Output high voltage 


ISOURCE = -0 4mA 


24 


30 


- 


V 


Vol 


Output low voltage 


ISINK =2 1mA 
VOUT =2 4V 


I5~4 


02 


04 


V 


lOH 


Output high current 


-3 


- 


mA 


lOL 


Output low current 


Vout =0 4V 


2 1 


50 


- 


mA 


lLO 


Output leakage current 


CS = 8V,CS = 2 0V 
Vout = 4V to Vcc 


- 


±001 


±10 


juA 


Ice 


Supply current 


Iout =0mA 


- 


40 


80 


mA 



*Ta =25°C, Vcc =5V 

A,C, CHARACTERISTICS (Ta - 0°C - 70 6 C, Vcc - 5V± 10%, Ct - 1Q0pF, t r , tf * 20ns) 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN 


TYP.* 


MAX 


UNIT 


tACC 


Access time 


tAC ^ 100ns 


- 


270 


450 


ns 


tco 


Output delay time from chip select 


tAC ^ tACC 


- 


80 


120 


ns 


tOD 


Output deselect time 


R|_ = 10012 





70 


100 


ns 


tRC 


Read cycle time 


- 


450 


- 


- 


ns 



>Ta=25°C, Vcc =5V 



CAPACITANCE (Ta - 25°C, I - 1 MH** 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN. 


TYP. 


MAX 


UNIT 


Cin 


Input capacitance 


Vin =A. C GND 


- 


4 


10 


pF 


COUT 


Output capacitance 


Vout =a. C GND 


- 


8 


15 


PF 



Note This parameter is periodically sampled and is not 100% tested. 
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TIMING WAVEFORMS 



IH S. ^^90?! 



X 



CHIP DISABLE 

1 



yz 



CHIP ENABLE 



X 



CHIP DISABLE 



7^^ , n »' V K mo. 

< DATA VALID ) 



PAPER TAPE FORMAT 

Punched paper tape data must be a positive logic and use a 7 to 8 bit ASCII code 
Format 1 (including Data and Check sum every word). 



NULL 

▼TMM334P - XXXX ▼ 

CR LF 

▼ MSB = D 7 ▼ 

CR LF 

N8, 

CR LF 
RuuuO, X07P3, . ,XF1P5, 



R2040, X01P1, 



(CSi 


= 0) 


CR 


LF 


(cs 2 


= 1) 


CR 


LF 


(CS 3 


= 0) 


CR 


LF 


$ 


CR 


LF 


NULL 



Take NULL more than fifty characters 

Contents in single quotation mark ( T v ) indicates a comment and XXXX is a user's 

number 

CR and LF indicate carriage return and line feed respectively 

Specify MSB pin. (D 7 or D ) 



N8 indicates a 8-bit mask pattern 

Semicolon ( , ) indicates a punctuation of data 



R indicates an absolute address Enter the address by decimal code every eight 
words 

X indicates hexadecimal code. So enter the data represented by hexadecimal code 
every word after X 

P indicates a check sum of its word So enter a sum of one's number in a word by 
decimal code after P 

Data modification Enter the modified address before the End mark and then enter 
the data following above procedure independently or serialy Modification can be 
allowed from address to 2047 address 



Customers can program the active logic of three chip select inputs independently. 
Specify the active logic of chip select input in the brackets 

The example is shown in Figure. In this example, chip is active under the condition 
that CS1 = '0' and CS2 = '1 ' and CS3 = '0' 



$ Indicates an End mark 

Take NULL more then fifty characters 
— 117 — 



TOSHIBA 



Format 2 (including Data only every word) 



NULL 

*TMM334P - XXXX^ 

CR LF 

▼MSB = D 7 ▼ 

CR LF 

N8, 

CR LF 

RuuuO, X075A . . 3BF1, 

CR LF 



R2032 


XBCAE . 


0085 




CR 


LF 






(CSi 


= 0) 






CR 


LF 






(cs 2 


= 0) 






CR 


LF 






(CS 3 


= 0) 






CR 


LF 






$ 








CR 


LF 






NULL 





R indicates an absolute address Enter the address by decimal code every sixteen 

words 

X indicates a hexadecimal code and so enter the data of sixteen words continuously 

after X. 

Data modification. This procedure is following to Format 1 Otherwise specified in 

Format 1 



Format 1 and Format 2 are Toshiba preferred Format 
The other acceptable Format is Intel BNPF Format 



OUTLINE DRAWINaS 



24 23 22 21 2019 18 17 16 15 14 13 



R15 ^ 7 



k 


rh tp rh tti rh rp_ 


' 3 

1 2 




LJJ LJJ LJJ ill LJJ [jjl 


ili l|j lJj i|i ill l[J 



1 2 34 56 7 89 10 1112 



Each lead pitch is 2 54 mm All leads are located withir 
25 mm of their true longitudinal position with respec 
to No 1 and No. 24 leads 
All dimensions are in mi 




Note Toshiba does not assume any responsibility for use of any circuitry described, no < 

the right, at any time without notice, to change said circuitry 
©Mar , 1980 Toshiba Corporation 



uit patent licenses are implied, and Toshiba reserves 



118- 



■ TOSHIBA MOS MEMORY PRODUCTS 



4096 WORD x 8 BIT MASK ROM 

N CHANNEL SILICON GATE DEPLETION LOAD 



TMM333P 



DESCRIPTION 

The TMM333P is a 32,768 bits read only memory 
organized as 4,096 words by 8 bits. It is suitable for 
use in programming of production apparatus used 
micro processor because of its low cost per bit 

The TMM333P's mask making is carried out by 
computer using punched paper tape data of customer 
and then sample manufacturing will start. Then for 
customer, 32,768 bits memory data and two chip 
select input active logic are programmable 

Therefore the TMM333P manufacturing procedure 
goes through three steps before mass production 
First step is a acceptance of customer's punched 
paper tape data. Second step is a presentation of 

FEATURES 

• Single 5V supply voltage, Vqc = 5V± 5% 

• Access time, tACC = 450 ns (Max) 

• Directly TTL compatible, All inputs and outputs 

• Programmable chip select inputs, CS1, CS2, Easy memory expansion 

• Three state outputs, OR tie capability 

• Static operation, No clocks are required 

• Input protected, All inputs have protection against static charge 

• Pin to pin compatible, TMS4732 

PIN CONNECTION 



programmed sample (Engineering Sample) for cus- 
tomers Third step is a verification of Engineering 
Sample by customers Sample verification is most 
important and Toshiba will enter into mass produc- 
tion after above three steps are concluded. Then 
Toshiba will adopt a established on-line system and so 
can respond to a customer's needs quickly and can 
maintain a stable delivery. 

The TMM333P is fabricated with ion implanted N- 
channel silicon gate technology This technology 
allows a production of high performance TheTMM 
333P is moulded in a 24 pin standard plastic package 



(TOP VIEW) 



A 7 C 1 

A6C2 

AsC 3 
A 4 f4 
A3C 5 
A 2 C 6 
Alt 7 
AoC 8 
DoC 9 

D 2 C11 
GNDC 12 



&LOOC DIAGRAM 



24[JV CC 

23]A 8 

22DA 9 

21 3CS2/CS2 

SO^cSi/CS! 

193A 10 

18]Au 

17DD 7 

16]D 6 

15]D S 

14]0 4 

13]D 3 



CSj/cSj 

cs 2 /cs 2 



f*lN NAMES 



A ~A 6 


Row address inputs 


A 7 ~ A n 


Column address inputs 


D ~D 7 


Data outputs 


CS^CSi.'CSa/CSa 


Chip select inputs 


vcc 


Power supply terminal 


GND 


Ground 



A10O— 
Ai iO— 



SD4 D 5 D t 

9 9 



Output buffer 



Memory cell grray 
128 x 256 
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RtA&fMUM RATING 



SYMBOL 


ITEM 


RATING 


UNIT 


vcc 


Power supply voltage 


-0.5-7 


V 


V|N,V0UT 


Input and output voltage 


-05-70 


V 


Topr 


Operating temperature 


0-70 


°C 


Tstg 


Storage temperature 


-55- 150 


°C 


TSOLDER 


Soldering temperature time 


260 • 10 


°C sec 


PD 


Power Dissipation (Ta = 70°C) 


1 


W 



D,C. OPERATING CONDITIONS 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN. 


TYP 


MAX 


UNIT 


V| H 
Vil 


Input high voltage 


- 


20 


- 


Vcc + 1 


V 


Input low voltage 


- 


-0 5 


- 


08 


V 


Vcc 


Power supply voltage 


- 


4 75 


50 


5 25 


V 



D.C* and OPERATING CHARACTERISTICS (Ta - 0°C - 70*C) 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN. 


TYP. 


MAX 


UNIT 


llH 


Input high current 


Vin = Vcc 


- 


01 


10 


ma 


IlL 


Input low current 


Vin =GND 


- 


-0 01 


-10 


ma 


VOH 


Output high voltage 


ISOURCE = — 4mA 


2.4 


3.0 


- 


V 


Vol 


Output low voltage 


IsiNK =2 1mA 


- 


02 


04 


V 


lOH 


Output high current 


VouT =2 4V 


-0 4 


-3 


- 


mA 


lOL 


Output low current 


Vout =04V 


2.1 


50 


- 


mA 


lLO 


Output leakage current 


CS = 8V,CS = 2.0V 
Vout = 4V to Vcc 


- 


±001 


±10 


ma 


Ice 


Supply current 


Iout =0mA 


- 


60 


100 


mA 



'Ta=25°C, Vcc =5V 



A.C. CHARACTERISTICS {Ta - 0*C - 70°C, V c c « 5V ± 5%» C t - 


\WpF,t r ,tf «20m) 






SYMBOL 


PARAMETER 


CONDITIONS 


MIN 


TYP.* 


MAX 


UNIT 


tACC 


Access time 


tAC = 100ns 


- 


300 


450 


ns 


tco 


Output delay time from chip select 


tAC^ tACC 


- 


120 


200 


ns 


tOD 


Output deselect time 


- 





100 


150 


ns 


tRC 


Read cycle time 


- 


450 


- 


- 


ns 



'Ta=25°C, Vcc =5V 



CAPACITANCE (Ta - 2S°C, f » 1 MHti 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN. 


TYP. 


MAX 


UNIT 


C|N 


Input capacitance 


Vin =A. C GND 


- 


4 


10 


PF 


COUT 


Output capacitance 


Vout =A. C GND 


- 


8 


15 


PF 



Note This parameter is periodically sampled and is not 100% tested. 
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TMim WAVEFORMS 



rx 



x 



x 



x 



C2 OV oTv^Pc H , 
DATA VALID ) 

8V 1V 4-/ IMP 



PAPER TAPE FORMAT 

Punched paper tape data must be a positive logic and use a 7 to 8 bit ASCII code 
Format 1 (including Data and Check sum every word). 



NULL 

▼ TMM333P - XXXX ▼ 

CR LF 

▼ MSB = D 7 ▼ 

CR LF 

N8, 

CR LF 
RuuuO, X07P3, . .,XF1P5, 



R4088.X01P1, . ,X3AP4, 



(CSj 


= 0) 


CR 


LF 


(CS 2 


= 1) 


CR 


LF 


$ 




CR 


LF 


NULL 



Take NULL more than fifty characters. 

Contents in single quotation mark ( T . . . T ) indicates a comment and XXXX is a user's 

number. 

CR and LF indicate carriage return and line feed respectively. 

Specify MSB pin (D 7 or D ) 



N8 indicates a 8-bit mask pattern. 

Semicolon ( , ) indicates a punctuation of data 



R indicates an absolute address. Enter the address by decimal code every eight 
words 

X indicates hexadecimal code So enter the data represented by hexadecimal code 
every word after X. 

P indicates a check sum of its word So enter a sum of one's number in a word by 
decimal code after P 

Data modification: Enter the modified address before the End mark and then enter 
the data following above procedure independently or serialy. Modification can be 
allowed from address to 4095 address 



Customers can program the active logic of two chip select inputs independently. 
Specify the active logic of chip select input in the brackets 

The example is shown in Figure. In this example, chip is active under the condition 
thatCSI ='0'and CS2 = T. 



$ Indicates an End mark . 



Take NULL more then fifty characters. 
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Format 2 (including Data only every word) 



NULL 

f TMM333P -XXXX^ 

CR LF 

▼ MSB = D 7 ▼ 

CR LF 

N8, 

CR LF 

RuuuO, X075A 3BF1, 

CR LF 



R4080 


XBCAE . . 


0085 




CR 


LF 






(CSi 


= 0) 






CR 


LF 






(cs 2 


= 0) 






CR 


LF 






$ 








CR 


LF 






NULL 





R indicates an absolute address Enter the address by decimal code every sixteen 
words 

X indicates a hexadecimal code and so enter the data of sixteen words continuously 
after X. 

Data modification This procedure is following to Format 1 Otherwise specified in 
Format 1 



Format 1 and Format 2 are Toshiba preferred Format 
The other acceptable Format is Intel BNPF Format 



OUTLINE DRAWINGS 



24 23 22 21 20 19 18 17 16 15 14 13 



R15 /) 



rh rh rh rh rh t±L 



ill ill Lp i _Li lJj l|i 



rji rh rh rh rh tli 



ill l|j lL i ill ill l|J 






CM 

b * 



12 34 56 7 89 10 11 12 



Note Each lead pitch is 2 54 mm All leads are located withn 
25 mm of their true longitudinal position with respec 
to No 1 and No. 24 leads 
All dimensions are in i 




Note Toshiba does not assume any responsibility for use of any circuitry described, no cir 

the right, at any time without notice, to change said circuitry 
©Sept. ,1980 Toshiba Corporation 



Jit patent licenses are implied, and Toshiba reserves 
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B TOSHIBA MOS MEMORY PRODUCTS 



4,096 WORD X 8 BIT MASK ROM 

N-CHANNEL SILICON GATE MOS 



TMM2332P 



DESCRIPTION 

The TMM2332P is a 32768-bit read only memory 
organized as 4096 words by 8 bits with a low bit 
cost, thus being most suitable for use in programming 
of production apparatus using microprocessor 
The TMM2332P features an automatic power down 
mode When deselected by Chip Select (CS/CS), 
the device is in low power (lsB = 15mA MAX ) stand- 
by mode This device feature results in system power 



saving in larger systems, where the majority of de- 
vices are deselected 

The TMM2332P is fabricated with ion implanted 
N-channel silicon gate technology This technology 
allows a production of high performance 

The TMM2332P is moulded in a 24-pin standard 
plastic package 



FEATURES 

• Single 5V-Power Supply 

• Fast Access Time 350ns (MAX ) 

• Low Power Dissipation 

Operating Current = 100mA (MAX.) 
Standby Current = 15mA (MAX ) 

• Power Down Feature CS / CS 

• Programmable Chip Select CS/CS 

• Output Buffer Control OE 

• Easy memory Expansion CS/CS 



Static Operation 

Pin Compatible with 2732 Type EPROM and 

i2332 

All Inputs and Outputs 

Directly TTL Compatible 
Three State Outputs Wired OR Capability 
Inputs Protected All inputs have protection against 
static charge 



PIN CONNECTION 



BLOCK DIAGRAM 



A 7 C 
A 6 C 
AsC 
A 4 C 
A 3 C 
A 2 C 
A,C 
A C 
DoC 
DiC 
D 2 t 
GNDC 



(TOP VIEW) 



PIN NAMES 



24 D V cc 

23UA 8 

22DA 9 

21 UAn 

20 3OE 

19DA 10 

18 3 CS/CS 

17DD 7 

16DD 6 

15DD S 

14DD 4 

13DD 3 



A ~A n 


Address Inputs 


D ~D 7 


Data Outputs 


CS/CS 


Chip Select Input 


OE 


Output Enable Input 


Vcc 


Power (+5V) 


GND 


Ground 



CS/CS c 

Ofc 



Control 
Circuit 



VccGND DoDiD2 d 3D4D5D6D7 

HTHH 



Output Buffers 



A < 
A, c 



A 4 . 
A S « 



Column Decoder 



Memory Cell Array 
(256 x 128) 
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MAXIMUM RATINGS 



SYMBOL 


ITEM 


RATING 


UNIT 


Vcc 


Supply Voltage 


-0 5-7 


V 


V|N 


Input Voltage 


-05-70 


V 


VOUT 


Output Voltage 


-0 5-7 


V 


ToPR 


Operating Temperature 


0-70 


°C 


TsTRG 


Storage Temperature 


-55 - 1 50 


°C 


TSOLDER 


Soldering Temperature*Time 


260 • 10 


OSec 


Pd 


Power Dissipation (Ta = 70°C) 


1 


W 



D>C« OPERATING CONDITIONS 



SYMBOL 


PARAMETER 


MIN 


TYP 


MAX. 


UNIT 


V| H 


Input High Voltage 


2.0 


- 


V CC +1 


V 


V|L 


Input Low Voltage 


-0 5 


- 


08 


V 


Vcc 


Power Supply Voltage 


45 


50 


5.5 


V 



D*C. CHARACTERISTICS (V cc = 5V±10%, T a = 0- 70°C) 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN 


TYP 


MAX 


UNIT 


IlL 


Input Leakage Current 


V|N=0~V C C 


- 


±0 02 


±10 


liA 


'OH 


Output High Current 


V H = 2 4V 


-0 4 


-2 


- 


mA 


lOL 


Output Low Current 


Vol = 4V 


20 


40 


- 


mA 


Ilo 


Output Leakage Current 


OE = V| H orCS = V| H 
Vout = 4V ~ V cc 




±0 05 


±10 


HA 


'cc 


Operating Current 


CS = V, L or CS = V| H 


- 


- 


100 


mA 


'SB 


Standby Current 


CS=V| H or CS= V| L 


- 


- 


15 


mA 



CAPACITANCE (T a = - 70°C, f = 1MHz) 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN 


TYP. 


MAX 


UNIT 


C|N 


Input Capacitance 


Vin = OV 


- 


5 


10 


pF 


COUT 


Output Capacitance 


Vqut = 0V 


- 


8 


15 


pF 



Note. This parameter is periodically sampled and is not 100% tested. 
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A.C. CHARACTERISTICS (V CC =5V±10%, T a =0~70°C) 



SYMBOL 


PARAMETER 


MIN 


TYP 


MAX 


UNIT 


tRC 


Read Cycle Time 


350 


- 


- 


ns 


tACC 


Access Time 


- 


- 


350 


ns 


tco 


Chip Selection to Output Valid 


- 


- 


350 


ns 


too 


OE to Output Valid 


- 


- 


120 


ns 


tODC 


Chip Deselection to Output in High-Z 


- 


- 


100 


ns 


tODO 


OE to Output in High-Z 


- 


- 


100 


ns 


tpu 


Chip Selection to Power Up Time 





- 


- 


ns 


tPD 


Chip Deselection to Power Down Time 


- 


- 


100 


ns 



A.C. TEST CONDITIONS 

Input Rise and Fall Times , 20ns 

Timing Measurement Reference Levels , Input 8V and 2 0V 

Output 8V and 2 0V 
Output Load, 1-TTL Gate and C L = 100pF 



A.C. TIMING WAVEFORMS 



Supply 
Current 



— \i c ^ r 



— / J t 



V|L 




/V| H 



3 






Output Data Valid 



Note (1) CS and CS waveforms are shown by dotted line and straight line respectively 
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TOSHIBA 



ACCEPTABLE FORMAT 

Toshiba can accept programming and masking 
information for TMM2332P in the form of punched 
paper tape with Intel BNPF format or master devices 
(EPROM). 



OUTLINE DRAWINGS 



24 23 22212019 1817161514 13 



rh rh rh rh rh ch. 



rh rh rh rh rh rh. 



i_j | l] i l[j L I I I |t I I I |l[ l 1 1 I ||l I I I I I | I I 

12 3456 789101112 




Note Each lead pitch is 2 54 mm All leads are located within 25 mm longitudinal position with respect to No 1 and No 24 leads 
All dimensions are in millimeters 



Note Toshiba does not assume any responsibility for use of any < 

the right, at any time without notice, to change said circuitry 
©Feb , 1980 Toshiba Corporation 



uitry described, no circuit patent licenses are implied, and Toshiba reserves 
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H TOSHIBA MOS MEMORY PRODUCTS 



64K BIT (8K WORD X 8 BIT) MASK PROGRAMMABLE ROM 

N CHANNEL SILICON GATE MOS 



TMM2364P 



DESCRIPTION 

The TMM2364P is a 65536 bit read only memory 
organized as 8192 words by 8 bits with a low bit cost, 
thus being most suitable for use in programming of 
production apparatus using micro-processor 

Consisting of static memory cells and clocked pe- 
ripheral circuitry, the TMM2364P provides a high 
speed and low power dissipation (access time 250ns, 
operating current 40mA) 

The TMM2364P also features an automatic stand- 
by power mode When deselected by Chip Enable 
(CE), the operating current is reduced from 40mA to 



15mA Output Enable (OE) is effective in preventing 
data confliction on a common bus line 

The TMM2364P uses the address latch system that 
the falling edge of CE latches all inputs except for 
OE, thus can be easily connected to a system where 
address and data buses are commonly used 

The TMM2364P is fabricated with ion implanted 
N-channel silicon gate technology This technology 
allows a production of high performance 

The TMM2364P is moulded in a 28 pin standard 
plastic package, 6 inch in width 



FEATURES 

• Single 5V± 10% power Supply 

• Access Time 250ns max 

• Low Power Dissipation 

Average Current 40mA max 
Standby Current 15mA max 

• Input and Output TTL Compatible 

• Three State Outputs Wired OR Capability 



PIN CONNECTION 



PIN NAMES 



NCC1 
A 12 C2 

a 7 h 3 

A 6 C4 
A s C 5 
A4C 6 
A 3 C7 
A 2 C 8 
A! C9 
A C 10 

d n 11 

D, C 12 

D 2 L" 13 

GNDC 14 



vcc_ 
3 CSi/CS! 

H cs 2 /cs 2 
: a 8 

3 A 9 
HAn 
3 OE 
3A,o 
D CE 

:d 7 

=> D 6 
3D S 
D D 4 
3D 3 



A ~A 12 


Address inputs 


D ~D 7 


Data outputs 


CS/CS 


Chip select inputs 


OE 


Output enable input 


CE 


Chip enable input 


N C 


No connection 


v C c 


Power supply terminal 


GND 


Ground 



• Edge Enabled Operation CE 

• Output Buffer Control OE 

• Programmable Chip Select CSi , CS 2 

Easy Memory Expansion 

• Pin Compatible with i2364 

• Inputs protected All inputs have protection 

against static charge 

BLOCK DIAGRAM 



p -3> 



D D, D 2 D 3 D 4 D 5 D 6 D 7 



SU 





Chip enable input 
buffer and clock 




Output buffers 




* 






M 




< ro 


5 


Column decoder 














f 8 x32 




8 


§ 


256 


65536 bits 
Memory cell 










» 


o 
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MAXIMUM RATINGS 



SYMBOL 


ITEM 


RATING 


UNIT 


Vcc 


Power Supply Voltage 


-05-70 


V 


V IN- V OUT 


Input and Output Voltage 


-05-70 


V 


ToPR 


Operating Temperature 


0-70 


°C 


T STRG 


Storage Temperature 


-55- 150 


°C 


TSD 


Soldering Temperature Time 


260 10 


°C sec 


P D 


Power Dissipation (Ta = 70°C) 


1 


W 



D«C. OPERATING CONDITIONS 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN 


TYP 


MAX 


UNIT 


V| H 


Input High Voltage 


- 


22 


- 


Vcc + 1 


V 


V|L 


Input Low Voltage 


- 


-0 5 


- 


08 


V 


v C c 


Power Supply Voltage 


- 


45 


50 


55 


V 



D.C. and OPERATING CHARACTERISTICS (Ta = - 70°C) 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN 


TYP 


MAX 


UNIT 


l|H 


Input High Current 


V, N = 5 5V 


- 


05 


10 


MA 


IlL 


Input Low Current 


V, N =GND 


- 


-0 05 


-10 


»A 


V H 


Output High Voltage 


I OH =-400/iA 


24 


33 


- 


V 


Vol 


Output Low Voltage 


Iql =3 2mA 


- 


03 


04 


V 


!loh 


Output Leakage Current 


Vqut = 5 5V 


CE = 2 2V or 
OE =2 2V 


- 


05 


10 


/iA 


'lol 


V UT = 4V 


- 


-0 1 


-20 


juA 


'cci 


Standby Current 


CE =2 2V 


- 


8 


15 


mA 


! CC2 


Average Current 


t C YC = 350ns, Iqut =0mA 


- 


20 


40 


mA 



ues are at Ta = 25 C and Vqc = 5V 
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A.C. CHARACTERISTJCS (Ta = ~ 70°C, V cc = 5V± 10%) 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN 


TYP 


MAX 


UNIT 


tcE 


CE pulse width 


- 


250 


- 


- 


ns 


tAS 


Address Setup Time 


- 





- 


- 


ns 


*AH 


Address Hold Time 


- 


50 


- 


- 


ns 


tACC 


Access Time 


- 


- 


150 


250 


ns 


too 


Output Delay Time from OE 


- 


- 


50 


120 


ns 


tOD 


Output Turn off Delay 


- 


- 


40 


70 


ns 


tec 


CE off Time 


- 


90 


- 


- 


ns 


tCYC 


Cycle Time 


tAS = °ns, t r , tf = 5ns 


350 


- 


- 


ns 



" Typical values are at Ta = 25 C and Vr 



A.C. TEST CONDITJONS 



Output Load ITTL Gate + 100pF 
Input Rise and Fall Times (10% ~ 90%) 5ns 
Input Pulse Levels 8 ~ 2 4V 

Timing Measurement Reference Levels Input, 1 V and 2.2V 

Output, 8V and 2 0V 
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CAPACITANCE (Ta = 25°C, f = 1MHz) 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN 


TYP 


MAX 


UNIT 


C|N 


Input Capacitance 


V| N = AC GND 


- 


5 


10 


pF 


COUT 


Output Capacitance 


Vqut r AC GND 


- 


8 


15 


pF 



Note This parameter is periodically sampled and is not 100% tested 



TIMING WAVEFORMS 



A ~A 12 
CS 1# CS 2 

cF 



X ADDRESS, CS 1( \/ 
CS 2 VALID 7 \ 



ADDRESS, CSx, CS 2 MAY CHANGE 



*AS tAH 



X 



\ 



DATA VALID 
-tf 



> 



Note (1) tQD IS specified from OE or CE, whichever occurs first 
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OPERATION MODE 



CE 


CS!,CS 2 , Address 


OE 


OUTPUT 


MODE 


H 


(1) 


(1) 


HighZ 


Standby 


~1_ 


Valid 


(1) 


HighZ 


Latch 


L 


(2) 


L 


Data out 


Read 



3(1) Don't care 
(2) CSj , CS2 , Address may change after t^pH 



APPLICATION INFORMATION 

1. POWER SUPPLY DECOUPLING 

The operating current l cc waveforms for TMM2364P are shown in Fig 
1,2 

The TMM2364P is a clocked device, so the transient current peaks are pro- 
duced on the CE transition and CE active level 

The l cc current transients require adequate decoupling of V cc power 
supply 



2. POWER ON 

The TMM2364P requires initialization prior to normal operation 
initialization methods are as follows 



Two 



^ 



& 



m 



ra 



EtrJ 



O 100 200 300 400 500 

Time(ns) 

Fgi 1 l cc vs time (CS Select) 

1 cycle 



(1) A minimum 100//S time delay is required after 'the application of 
Vcc (+5V) before proper device operation is achieved And during 
this period, CE must be at V| H level 

(2) A minimum 100 jus time delay is required after the application of 
Vcc (5V), and then a minimum of one initialization cycle must be 
performed before proper device operation is acheived 

Initialization cycle An initialization cycle is one Chip Enable clock cycle 
CE till the next down edge 



ce v ih -^ r-- 1 

V| L U- -J 1— 




CO 




30 ~-A -r 4-J 


20 -/4 3 V 


oVj ^ — ^ 4- 


10 1/- }^ 



100 200 300 400 500 

Time (ns) 
Fig 2 l C C vstlm e(CS Deselect) 

from the first down edge of the 
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TOSHIBA PAPER TAPE FORMAT 

Use 7 or 8-bit (even parity) ASCII code paper Tape for ROM data input. 
Two acceptable formats which are described in section A and B are available 

A. Format 1 (when a check sum per word is used) 



'TMM2364P-nDDD' J 

'MSB = D 7 ' J 

N8, y 

RDDOO, X7FP7, ,X07P3, J 

RDDD8, X38P3, . ,XE5P5, J 

RDD16, X10P1, ;X6BP5, J 



8176, X4DP4, ,XB5P5. J 

8184,X2CP3, ,XA4P3, J 

(csi = D y 

(cs 2 = o) y 



$ J 



Preceding the first data field and following the last data field there must 
be a leader/trailer length of at least 50 null characters 

Contents in a single quotation mark (, ,) signify a comment and 

DDDD indicates a four-digit user pattern number 

J indicates carriage return and line feed 

Specify the most significant bit (MSB) of the device outputs (D 7 orp ) 

N8 indicates that the mask pattern is an 8-bit pattern 

Semicolon ( , ) signifies a punctuation of data 

R signifies an address Enter the address with the four decimal digits 
every 8-words after the character R 

X signifies a hexadecimal digit 

Enter the data with the two hexadecimal digits every* word after the 

character X 

P signifies the check sum per word 

Enter the sum of 1 in a one word decimal after the character P 

* Data Modification 

Modifying single and continuous word data can be carried out by 

specifying the modifying addresses and inputting the data following the 

above procedure before the end symbol 

.Modification can be allowed from to 8191 addresses 

Specify the active logic of chip selects (CS! and CS 2 ) in the parentheses 

respectively 

Enter "1 " and "0" when active at high and low levels, respectively 

An example is shown in the left figure 

In this example, the device is selected under the condition that CSj and 

CS 2 are at high and low levels, respectively 

$ signifies the End symbol 
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B Format 2 (When a check sum per word is not used) 



'TMM2364P-DDnn' J 

'Msb = d 7 ; 

N8, J 

RDDDO, X7F5A 39E5 ) 

RDD16 , X108C B241, / 

RDD32 , X2DBA 36C7, y 



8160, X1EC5 31DE, y 

8176,X4DA6 1BA4, J 

(csi = D y 

(cs 2 = o) y 

$ y 

NULL 



R signifies an address 

Enter the address with the four decimal digits every sixteen words after 

the character R 

X signifies a hexadecimal digit 

Enter the data of sixteen words continuously after the character X 

Otherwise specified in Format 1 



In addition, Toshiba can also accept programming and masking information for TMM2364P in the form 
of punched paper tape with Intel BNPF format or master devices (EPROMs) 
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TOBH1BA 



OUTLINE DRAWINGS 



28 27 26 25 24 23 22 21 20 19 18 17 16 15 

nnr-innnnnnnnnnn 



12 3 4 5 6 7 



10 11 12 13 14 










Note Each lead pitch is 2 54 mm 

All leads are located within 25 mm of their true longitudinal position with respect to No 1 
and No 28 leads 



Note Toshiba does not assume any responsibility for use of any circuitry described, no circuit patent licenses are implied, and Toshiba reserves 

the right, at any time without notice, to change said circuitry 
©Aug , 1980 Toshiba Corporation 
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Erasable/Programmable Read Only Memory 
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B TOSHIBA MOS MEMORY PRODUCTS 



2048 WORD x 8 BIT EPROM 

N CHANNEL SILICON STACKED GATE MOS. 



TMM323D 
TMM323D- 1 



DESCRIPTION 

The TMM323D is a 2048 word x 8 bit ultraviolet 
erasable and electrically programmable read only 
memory For read operation it requires a single 
5-volt power supply only The maximum active pow- 
er dissipation is 525mW while the maximum standby 
power dissipation is only 132mW, a 75% savings 
Programming can be executed by applying 25-volt 
and 5-volt at the Vpp and Vcc terminals respectively, 
and applying a TTL level signal at the other input 
terminals Programming the one bit location requires 



only a single pulse, and it is possible to program 
sequentially, individually or at random Under the 
condition Vpp = 25V, read operation is permitted in 
the program verify mode, and also programming is 
inhibited by selecting the program inhibit mode 

The TMM323D is fabricated with the N-channel 
silicon double layer gate MOS technology and is 
packaged in a standard 24-pin dual-in-line cerdip 
package 



FEATURES 

• Smgle.5-volt power supply 

• Access time TMM323D , 450ns (MAX ) 

TMM323D-1, 350ns (MAX ) 
Current 100 mA (active ) 
25mA (standby) 

• Three state output 

• Particular bit location programming 



• Programs with one 50ms pulse 

• Total programming time 100 second 

• Inputs and outputs TTL compatible during read 
and program 

• Pin to pin compatible to-2716 type EPROM 



PIM CONNECTION 



PIN NAMES 



J V CC 

PA 10 
PD/PGM 

o 7 
o 6 
o 5 
o 4 

O3 



Aq — A10 Addresses 



O0-O7 Outputs 



CS 



Chip Select 



PD/PGM 



Power down/ 
Program 



Vcc, Vpp Power Supply 



GND 



Ground 



MODE SELECTION 



^^^ PINS 
MODE^\ 


PD/PGM 
(18) 


CS 
(20) 


Vpp 
(21) 


Vcc 
(24) 


Outputs 
(9-11, 13-17) 


Read 


Vil 


Vil 


5V 


5V 


Dout 


Deselect 


* 


Vm 


5V 


5V 


High Z 


Power Down 


V|H 


* 


5V 


5V 


High Z 


Program 


m^ 


VlH 


25V 


5V 


D in 


Program 
Verify 


VlL- 


Vil 


25V 


5V 


D out 


Program 
Inhibit 


V| L 


Vm 


25V 


5V 


High Z 



BLOCK DIAGRAM 



o°oo°io02 903904905 90 60 O 7 




Vil or Vm 
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MAXIMUM BATING 



ITEM 


SYMBOL 


RATING 


UNIT 


Vcc Supply Voltage with respect to Ground 


Vcc 


-0 3 ~ + 7 


V 


Vpp Supply Voltage with respect to Ground 


Vpp 


-0.3- + 26 5 


V 


All Input Voltages with respect to Ground 


V|N 


-0 3 ~ + 7 


V 


All Output Voltages with respect to Ground 


VOUT 


-0 3 ~ + 7 


V 


Power Dissipation 


Pd 


1 5 


W 


Soldering Temperature Times 


TSOLDER 


260-10 


°C • sec 


Storage Temperature 


TSTG 


-65~+125 


°C 


Operating Temperature 


TOPR 


0-70 


°C 



READ OPERATION 
D.C. and A.C. OPERATING CONDITIONS 



PARAMETER 


SYMBOL 




MIN. 


TYP 


MAX 


UNIT 


Power supply 


V CC d.2) 


TMM323D 


4 75 


5 


5 25 


V 


TMM323D-1 


45 


5 


55 


V 


Power supply 


V P p (2) 




V CC -0 6 


5 


V CC + 6 


V 



DX. and OPERATING CHARACTERISTICS 

Ta = 0~70°C 



PARAMETER 


SYMBOL 


MIN 


TYP <3) 


MAX 


UNIT CONDITIONS 


Input Load Current 


ILI 






±10 


juA Vm=525V 


Output Leakage Current ' li_0 






±10 


juA 


VouT =5 25V/0 45V 


Vpp Current (Read) ; Ippj 






5 


mA 


Vpp =5 85V 


Vcc Current (Standby) IcCi 




10 


25 


mA 


PD/PGM=V|h,CS = Vil 


Vcc Current (Active) 


lcc 2 




57 


100 


mA 


PD/PGM = CS = V||_ 


Input Low Voltage 


VlL 


-0 1 




08 


V 




Input High Voltage 


V|H 


20 




Vcc + 1 


V 




Output Low Voltage 


Vol 






45 


V 


lOL =2 1mA 


Output High Voltage 


Voh 


2.4 






V 


I OH =-400jiA 



A,C. CHARACTERISTICS 

Ta = ~ 70° C, Vpp = V cc ± 0.6V 



PARAMETER 


SYMBOL 


TMM323D 


TMM323D-1 


UNIT 


CONDITIONS 


MIN. 


MAX 


MIN. 


MAX 


Address to Output Delay 


Ucci 




450 




350 


ns 


PD/PGM = CS = V| L 


PD/PGM to Output Delay 


UCC2 




450 




350 


ns 


CS = V, L 


Chip Select to Output Delay 


tco 




120 




120 


ns 


PD/PGM = V||_ 


PD/PGM to Output Float 


tpF 





100 





100 


ns 


CS = V, L 


Chip Deselect to Output Float 


tDF 





100 





100 


ns 


PD/PGM = V| L 


Address to Output Hold 


tfJH 












ns 


PD/PGM = CS = V| L 



A.C. Test Conditions 

Output Load ITT L + 1 0OpF 
Input Rise and Fall Times (10%~90%) 
Input Pulse Levels V )L = 0.8V, V| H = 
Timing Measurement Reference Level 



^20ns 
2.2V 
Inputs 1 V & 2V, Outputs 8V & 2V 
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(Note 4) 
CAPACITANCE 

Ta = 25°C,/=1MHz 



PARAMETER 




LIMITS 




UNIT 


CONDITIONS 


i SYMBOL 

1 Mm 


Typ 


Max 


Input Capacitance 


, C|N 


4 


6 


pF 


Vin =ov 


Output Capacitance 


COUT 


8 


12 


PF 


Vout = 0V 



TIMING WAVEFORMS (READ) 

A. Read Mode PD/PGM = V )L 



B. Standby Mode 



CS = V !L 



>t 



n: 



(120ns) 
MAX 



r ^(450nsMAX)^ 



Address N 



s 



(0~100ns) 



Data Valid 
for Address 



z> 



X 



X 



X 



_ tOH - 
(Ons M (N ) 



A 



*DF 



(0~100 ns ' ) 



Data Out Valid 






Address N + n 



y 



(5) 
— tACCs — 
(450ns MAX) 
High Z 



Data Valid 
for Address 



N + m / 



Note 1 Vqc m ust be applied simultaneously or before Vpp and cut off simultaneously or after Vpp 



VCC— J" 



2 The Vpp terminal is permitted to connect the Vcc terminal directly during non-programming 

3 Typical values are at Ta = 25°C and nominal supply voltages 

4 This parameter is periodically sampled and is not 100% tested 

5 The t^cc 2 IS a output data delay time (i e access time) from address or PD/PGM whichever changes late 



PROGRAM OPERATION 

Ta = 25°C±5°C, Vcc =5V±5%, Vpp =25V± 1 V (Note 1, 2, 3) 
DJ& PROGRAMMING CHARACTERISTICS 



PARAMETER 


SYMBOL 


MIN 


TYP. 


MAX 


UNIT 


CONDITIONS 


Input Current 


ILI 






±10 


juA 


Vin =5 25V/0 45V 


Vpp Supply Current 


IpPi 






5 


mA 


PD/PGM = Vil 


Vpp Supply Current 
During Programming Pulse 


lpp 2 






30 


mA 


PD/PGM =V| H 


Vcc Supply Current 


Ice 






100 


mA 


IQUT = 0mA 


Input Low Level 


VlL 


-0 1 




08 


V 




Input High Level 


V|H 


20 




Vcc + 1 


V 
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A.C PRQOTAMMIW CHARACTERISTICS 



PARAMETER 


SYMBOL 


MIN 


TYP. 


MAX 


UNIT 


CONDITIONS 


Address Setup Time 


tAS 

tcss 


2 

2~ 






/us 




CS Setup Time 






JUS 




Data Setup Time 


tDS 


2 






MS 




Address Hold Time 


tAH 


2 






MS 




CS Hold Time 


tCSH 


2 ' 






MS 




Data Hold Time 


tDH 


2 






MS 

ns 




Chip Deselect to Output FloatDelay 


tDF 







120 


PD/PGM = Vil 


Chip Select to Output Delay 


tco 






120 


ns 


PD/PGM = Vil 


Program Pulse Width 


tPW 


45 


50 


55 


ms 




Program Pulse Rise Time 


tPRT 


5 






ns 




Program Pulse Fall Time 


tPFT 


5 






ns 





A.C. Test Conditions 

Input Rise and Fall Times (10% ~ 90%) < 20ns 

Input Pulse Levels Vil = 8V, Vih =2 2V 

Timing Measurement Reference Level Input 1 V & 2V, Output 8V & 2V 



IMtm WAVEFORMS {PROGRAM} 

Vpp = 25V ±1V, V C C = 5V±5% 




— tCSS — -| _jc -*_ — 

(2MsMIN) 7 S^ | 



tPRT 
(5ns MIN) 



High 

Ouf' r Z / Data in Stable 
i'.'.W \ Address N +m 



tCSH-H 
(2MsMIN) 



t PW 
(45~55ms) 



tPFT 
(5ns MIN) 



Vqc must be applied simultaneously pr before Vpp and cut off simultaneously or after Vpp 



_» v cc- 



T_ 



Sometimes removing the device from socket and setting the device in socket under the condition Vpp = 25V ±1 V may destroy its 

device, so it should be noted during programming 

Vpp supply voltage is permitted up to 26V programming, so the voltage over 26V should not be applied to Vpp 

Particularly when switching pulse voltage is applied to Vpp, also the over-shoot voltage of its pulse should not be exceeded 26-volt 
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ERASURE CHARACTERISTICS 

The TMM323D's memory cell data can be erased 
by applying light with wavelengths shorter than 4000 
A. (IA = 10" 8 cm) 

Sunlight and Q the fluorescent lamps may include 
3000 ~ 4000 A wavelength components 

Therefore when used under such lighting for 
extended periods of time, an opaque seal (Toshiba 
EPROM Protecting Seal AC 901 etc ) will be required 
to protect the TMM323D Generally, ultraviolet light 
with a wavelength of 2537 A is recommended for 
T M M 323 D -erasing, and in this case the integrated 
dose (ultraviolet light intensity [w/cm 2 ] x time [sec] ) 
should be over 15 [w sec/cm 2 ] 



When Toshiba sterilizing lamp GL-15 is used and 
the device is exposed at a distance of 1-cm from the 
lamp surface, erasure should be completed in about 
60 minutes 

And using a lamp whose ultraviolet light intensity 
is a 12000 [juw/cm 2 ] will reduce the exposure time 
to about 20 minutes 

(In this case the integrated dose should be 12000 
[/Lrw/cm 2 ] x (20 x 60) [sec] as 15 [w sec/cm 2 ] ) 



OPERATING INFORMATION 

TMM323D-operation-modes are classified into six 
types, as shown in the following table Each mode 
can be selected by TTL level signals only The Vcc 
and Vpp power supplies required are only 5-volt for 
read operation, and the Vpp power supply required is 
25-volt during program operation only. 



"~~~^— — — ____^^ PINS 

MODE ~~ — — _____ 


PD/PGM 
(18) 


CS 
(20) 


Vpp 
(21) 


Vcc 
(24) 


Outputs 
(9-11, 13-17) 


Read Operation 


Read 


Vil 


Vil 


5V 


5V 


D out 


Deselect 


* 


V|H 


5V 


5V 


High Z 


Power Down 


V|H 


* 


5V 


5V 


High Z 


Program Operation 


Program 


n n V|H 

-J U L V||_ 


V|H 


25V 


5V 


D in 


Program Verify 


Vil 


Vil 


25V 


5V 


D out 


Program Inhibit 


Vil 


Vih 


25V 


5V 


High Z 



' Vil or v.* 



Read Mode 

Assuming that PD/PGM = V|j_ and CS = V.i_, the 
output data is available within tACCi (MAX.) after 
stabilizing of the address. 

And assuming that PD/PGM = Vih or CS = V| H , the 
outputs will become high impedance in state. 

When all addresses are in the fixed state and CS = 
Vil, the output data is available within tACC2 
(MAX ) after the PD/PGM input is changes to V|[_ 
from the Vm level (Outputs change to data available 
state from a high impedance state ) 

When all addresses are in the fixed state and PD/ 
PGM = V|[_, the o_utput data is available within tco 
(MAX ) after the CS input is changed to Vil from 
the Vih level (Outputs change to data available state 
from a high impedance state.) 



Deselect Mode 

Assuming that CS = Vih, the outputs will be in a 
high impedance state So two or more TMM323Ds 
may be tied together on the same data bus And the 
CS input of the selected chip must be at the V||_ 
level, and that of the other chip must be at the Vm 
level 
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Power Down Mode 

Assuming that PD/PGM =V|h, the power dissipa- 
tion will be reduced to one-fourth of normal active 
power. (ie.525mW -+ 132mW) 
Then all outputs wiNJpecome high impedance in state 
independent of the CS input level 

Program Mode 

Initially when received by customers all bits of the 
TMM323D are in the "1" state which is the erased 
state 

Therefore programming is carried out by electrical- 
ly writing in the "0" state at the desired bit locations 

Programming can be completed by applying the 
TTL level pulse signal with a pulse width of from 45 
to 55 ms to PD/PGM_ input under the condition 
where Vpp = 25V and CS = V| H 

Programming the TMM323D is permitted in any 
sequence and also at any particular bit location 

But the PD/PGM pulse width applied at one bit 
location should be over 45ms up to 55ms, and 
rewriting into the written location is not permitted 

When programming is carried out by applying a 
DC voltage (Vm level) instead of a pulse to the PD/ 
PGM input, erroneous writing may occur sometimes, 

OUTLINE DRAWINGS 



so a pulse whose recommended width is 50ms should 
be used in programming. 

Programming the same data to two or more TMM 
323Ds simultaneously can be accomplished by con- 
necting the respective pins together 

Program Verify Mode 

In this mode the Vpp power supply is 25V 

But assuming that PD/PGM = Vil and CS = Vil, 

it can be possible to read written data 

For normal read operation, the Vpp power supply 

voltage required is 5V 

Program Inhibit Mode 

Assuming that PD/PGM = V| l and CS = V| h under 
Vpp = 25V, it is able to inhibit the programming 

According to the above, programming into two or 
more TMM323Ds mounted on a board will be pos- 
sible 

Programming into a desired chip tied on a common 
bus line independently is possible by connecting all 
respective inputs except PD/PGM together and apply- 
ing a pulse to the PD/PGM input of a desired chip and 
applying DC voltage at the V| L level to the PD/PGM 
inputs of the other chip. 



Each lead pit 
within 25 rr 
with respect t< 




:h is 2 54 mm All leads are located 
m of their true longitudinal position 
No 1 and No 24 leads 



This value is measured at the end of leads 
All dimensions are in millimeters 



Toshiba does not assume any responsibility for use of any < 
the right, at any time without notice, to change said circuitry 
, 1980 Toshiba Corporation 



Jitry described, no circuit patent licenses are implied, and Toshiba reserves 
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■ TOSHIBA MOS MEMORY PRODUCTS 



2048 WORD x 8 BIT UV ERASABLE AND ELECTRICALLY 
PROGRAMMABLE READ ONLY MEMORY 

N CHANNEL SILICON STACKED GATE MOS. 



TMM323DI 



DESCRIPTION 

The TMM323DI is a 2048 word x 8 bit ultraviolet 
light erasable and electrically programmable read 
only memory For read operation it requires a single 
5-volt power supply only, the output data is accessed 
within 450ns, and power up to 525mW is dissipated 
For standby mode, the maximum power dissipation 
can be reduced to 158mW, a 70% saving, by changing 
the mode to power down mode Also when the mode 
is changed from power down to the read mode, the 
output data is accessed within 450ns Programming 
can be executed by applying 25-volt and 5-volt at the 
Vpp and V cc terminals respectively, and applying a 



TTL level signal at the other input terminal pro- 
gramming the one bit location requires only a single 
pulse, and it is possible to program sequentially, 
individually or at random Under the condition 
Vpp = 25V, read operation is permitted in the pro- 
gram verify mode, and also programming is mhibitted 
by selecting the program inhibit mode 

The TMM323DI is fabricated with the N-channel 
silicon double layer gate MOS technology and is 
packaged in a standard 24-pin dual-in-line cerdip 
package 



FEATURES 

• Wide operating temperature range 

Ta = -40~ 85° C 

• Single 5-volt power supply 

• Access time 450ns (max ) 

Power dissipation 525mW (active power) 
158mW (standby power) 

• Three state output 



• Particular bit location programming 

• Programs with one 50ms pulse 

• Total programming time 100 second 

• Inputs and outputs TTL compatible during read 
and program 

• Pin to pin compatible to 271 6 type EPROM 



PIN CONNECTION 



PIN NAMES 



BLOCK DIAGRAM 



A7C 
A6 C 
A S t 
A 4 C 
A 3 t 
A 2 
A, £ 
AoE 
O [ 
Oi 

GND c ■ 



] A 8 
jA 9 

. A 10 

1 PD/PGM 

O7 
h° 6 

° 5 

o 4 
'o 3 



A -A 10 


Addresses 


O -O 7 


Outputs 


CS 


Chip Select 


PD/PGM 


Power down/ 
Program 


Vcc, Vpp 


Power Supply 


GND 


Ground 



MODE SELECTION 



^\^ PINS 
MODE^\^ 


PD/PGM 
(18) 


CS 
(20) 


Vpp 
(21) 


Vcc 
(24) 


Outputs 
(9-11, 13-17) 


Read 


Vil 


Vil 


5V 


5V 


D out 


Deselect 


* 


V|H 


5V 


5V 


High Z 


Power Down 


V|H 


* 


5V 


5V 


High Z 


Program 


-ruC 


V|H 


25V 


5V 


D in 


Program 
Verify 


Vil- 


Vil 


25V 


5V 


D out 


Program 
Inhibit 


Vil 


V|H 


25V 


5V 


High Z 



v C c "- r " 
VppO 
G*NDO- 

CS O- 

PD/PGMO 



E€> 



O°0 0°1 0°2 0°30°4 0°5 o0 6 o0 7 




Vil or Vih 
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MAXIMUM RAT1*<I#§ 



ITEM 


SYMBOL 


RATING 


UNIT 


Vcc Supply Voltage with respect to Ground 


r Vcc 


-0 3 ~ + 7 


V 


Vpp Supply Voltage with respect to Ground 


Vpp 


-0.3- + 26.5 


V 


All Input Voltages with respect to Ground 


V|N 


-0.3 ~ + 7 


V 


All Output Voltages with respect to Ground 


VOUT 


-0 3 ~ + 7 


V 


Power Dissipation 


Pd 


1 5 


W 


Soldering Temperature Times 


TSOLDER 


260-10 


°C sec 


Storage Temperature 


TSTG 


-65~ +125 


°C 


Operating Temperature 


TOPR 


-40 ~ 85 


°C 



READ OPERATION 

DX. and OPERATING CHARACTER 1STICS 

(Ta = -40 ~ 85°C, V cc = 5V ± 5%, unless otherwise noted) 



PARAMETER 


SYMBOL 


MIN 


TYP <3) 


MAX 


UNIT 


CONDITIONS 


Input Load Current 


ILI 






±10 


HA 


Vin =5 25V 


Output Leakage Current 


lLO 






±10 


HA 


Vout =5 25V/0 45V 


Vpp Current (Read) 


Ippi 






6 


mA 


Vpp =5 85V 


Vcc Current (Standby) 


ICCi 




10 


30 


mA 


PD/PGM=V|H,CS = V| L 


Vcc Current (Active) 


lcc 2 




57 


100 


mA 


PD/PGM = CS = V|i_ 


Input Low Voltage 


VlL 


-0 1 




08 


V 




Input High Voltage 


V|H 


22 




Vcc + 1 


V 




Output Low Voltage 


Vol 






45 


V 


lOL =2 1mA 


Output High Voltage 


Voh 


24 






V 


Iqh = -400/xA 



A.C, CHARACTERISTICS 

(Ta = -40 ~ 85°C, V cc = 5V ± 5%, V PP = 



Vcc ± 6V, unless otherwise noted) 



PARAMETER 


SYMBOL 


LIMITS (Note 3) 


UNIT 


CONDITIONS 


MIN. 


TYP 


MAX 


Address to Output Delay 


t ACC 1 




250 


450 


ns 


PD/PGM =CS = V )L 


PD/PGM to Output Delay 


t ACC2 




280 


450 


ns 


CS = V lL 


Chip Select to Output Delay 


*co 






120 


ns 


PD/PGM =V| L 


PD/PGM to Output Float 


tpF 







100 


ns 


CS=V IL 


Chip Deselect to Output Float 


tDF 







100 


ns 


PD/PGM =V, L 


Address to Output Hold 


tQH 









ns 


PD/PGM = CS = V| L 



A.C. Test Conditions 

Output Load ITTL + 100pF 

Input Rise and Fall Times (10% ~ 90%) ^ 20ns 

I nput Pulse Levels V, L = 8V, V| H = 2.2V 

Timing Measurement Reference Level Inputs 1V & 2V, Outputs 8V & 2V 
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(Note 4) 
CAPACITANCE 

Ta = 25°C,/=1MHz 



PARAMETER 


SYMBOL 


LIMITS 


UNIT 


CONDITIONS 


MIN 


TYP 


MAX 


Input Capacitance 


Cin 




' 4 


6 


PF 


Vin =ov 


Output Capacitance 


Cout 


8 


12 


pF 


Vout = 0V 



TIMING WAVEFORMS (READ) 

A Read Mode PD/PGM = Vii_ 



. Standby Mode CS = V| |_ 



X 



n: 



, tco 

(120ns) 
MAX 



^ tACCl _ 
•(450 ns MAXP 



y 



Data Valid 
for Address 



z> 



x 



"x. 



y — 

|_ t OH _J 



(OnsM )N ) 



Data Out Valid 



> 



Address N + n 



— ^002 — 

(450ns MAX) 

High Z 



Data Valid 
for Address 



\HigJ 



Note 1 V cc must be applied simultaneously or before Vpp and cut off simultaneously or after V PP -». V cc 

2 The Vpp terminal is permitted to connect the Vfjc terminal directly during non-programming 

3 Typical values are at Ta = 25°C and nominal supply voltages 

4 This parameter is periodically sampled and is not 100% tested 

5 The t ACC 2 is a output data delay time (i e access time) from address or PD/PGM whichever changes late 



_r 



mmnm ommrmN 

Ta = 25 C±5°C, Vcc = 5V±5%, Vpp =25V± 1V (Note 1,2,3) 
0.C. M*0GftAWH&0 CHARACTERISTICS 



PARAMETER 


SYMBOL 


MIN 


TYP. 


MAX 


UNIT 


CONDITIONS 


Input Current 


1 1_ I 






±10 


juA 


Vin =5 25V/0 45V 


Vpp Supply Current 


IpPj 






5 


mA 


PD/PGM = Vil 


Vpp Supply Current 
During Programming Pulse 


lpp 2 






30 


mA 


PD/PGM = V| H 


Vcc Supply Current 


ice 






100 


mA 


IQUT =0 mA 


Input Low Level 


VlL 


-0 1 




08 


V 




Input High Level 


V|H 


20 




Vcc + 1 


V 
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A,C, mOa«AWMINCI CHARACTERISTICS 



PARAMETER 


SYMBOL 


MIN 


TYP. 


MAX 


UNIT 


CONDITIONS 


Address Setup Time 


tAS 


2 






/is 




CS Setup Time 


tCSS 


2 






IMS 




Data Setup Time 


tDS 


2 






JUS 




Address Hold Time 


tAH 


2 






JUS 




CS Hold Time 


tCSH 


2 






JUS 




Data Hold Time 


tDH 
tDF 


2 







120 


ns 


"" pd7pgm = Vil ~" 





Chip Deselect to Output FloatDelay 


Chip Select to Output Delay 


tco 






120 


ns 


PD/PGM = V| L 




Program Pulse Width 


tpw 


45 


50 


55 


ms 




Program Pulse Rise Time 


tPRT 


5 






ns 




Program Pulse Fall Time 


tPFT 


5 






ns 





A.C. Test Conditions 

Input Rise and Fall Times (10%~90%) < 20ns 

Input Pulse Levels Vil = 8V, Vm = 2 2V 

Timing Measurement Reference Level Input 1V & 2V, Output 8V & 2V 



timing waveforms (program) 

Vpp = 25V ±1V, V CC = 5V±5% 



"'fl" . 

Out- V Z / Data in Stable 
I'ss^ ^ \ Address N +m 




tpw 
(45~55ms) 



t be applied simultaneously pr before Vpp and cut off simultaneously or after Vpp 



_* V CC^ 



_T 



"L 



Sometimes removing the device from socket and setting the device in socket under the condition Vpp = 25V±1V may destroy its 

device, so it should be noted during programming 

Vpp supply voltage is permitted up to 26V programming, so the voltage over 26V should not be applied to Vpp 

Particularly when switching pulse voltage is applied to Vpp, also the over-shoot voltage of its pulse should not be exceeded 26-volt 
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ERASURE CHARACTERISTICS 

The TMM323DI's memory cell data can be erased 
by applying light with wavelengths shorter than 4000 
A. (IA = 10" 8 cm) 

Sunlight and the fluorescent lamps may include 
3000 ~ 4000 A wavelength components 

Therefore when used under such lighting for 
extended periods of time, an opaque seal (Toshiba 
EPROM Protecting Seal AC 901 etc ) will be required 
to protect the TMM323DI Generally, ultraviolet light 
with a wavelength of 2537 A is recommended for 
TMM323DI- erasing, and in this case the integrated 
dose (ultraviolet light intensity [w/cm 2 ] x time [sec] ) 
should be over 1 5 [w sec/cm 2 ] 



When Toshiba sterilizing lamp GL-15 is used and 
the device is exposed at a distance of 1-cm from the 
lamp surface, erasure should be completed in about 
60 minutes 

And using a lamp whose ultraviolet light intensity 
is a 12000 [/uw/cm 2 ] will reduce the exposure time 
to about 20 minutes 

(In this case the integrated dose should be 12000 
[jirw/cm 2 ] x (20 x 60) [sec] s15[w sec/cm 2 ] ) 



OPERATING INFORMATION 

TMM323D I -operation-modes are classified into six 
types, as shown in the following table Each mode 
can be selected by TTL level signals only The Vqc 
and Vpp power supplies required are only 5-volt for 
read operation, and the Vpp power supply required is 
25-volt during program operation only. 



MODE 


PINS 


PD/PGM 
(18) 


cs 

(20) 


Vpp 
(21) 


Vcc 
(24) 


Outputs 
(9-11, 13-17) 


Read Operation 


Read 


V|L 


V|L 


5V 


5V 


D out 


Deselect 


* 


VlH 


5V 


5V 


High Z 


Power Down 


V|H 


* 


5V 


5V 


High Z 


Program Operation 


Program 


^Z 


VlH 


25V 


5V 


D in 


Program Verify 


VlL 


VlL 


25V 


5V 


D out 


Program Inhibit 


VlL 


VlH 


25V 


5V 


High Z 



Read Mode 



Assuming that PD/PGM = V|i_ and CS = V| L , the 
output data is available within tACCi (MAX.) after 
stabilizing of the address 

And assuming that PD/PGM = Vih or CS = Vih, the 
outputs will become high impedance in state 

When all addresses are in the fixed state and CS = 
V|l, the output data is available within 450ns after 
the PD/PGM input is changes to V||_ from the Vih 
level (Outputs change to data available state from a 
high impedance state.) 

When all addresses are in the fixed state and PD/ 
PGM = V|_L^the output data is available within 120ns 
after the CS input is changed to V||_ from the Vih 
level (Outputs change to data available state from a 
high impedance state) 



Vil or V| H 

Deselect Mode 

Assuming that CS = Vih, the outputs will be in a 
high impedance state. So two or more TMM323Dls 
may be tied together on the same data bus And the 
CS input of the selected chip must be at the V||_ 
level, and that of the other chip must be at the Vih 
level 
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Power Down Mode 

Assuming that PD/PGM = Vm» the power dissipa- 
tion will be reduced to about one-third of active 
power (te 525mW -> 158mW) 
Then all outputs wiJMpecome high impedance in state 
independent of the CS input level 

Program Mode 

Initially when received by customers all bits of the 
TMM323DI are in the "1" state which is the erased 
state 

Therefore programming is carried out by electrical- 
ly writing in the "0" state at the desired bit locations 

Programming can be completed by applying the 
TTL level pulse signal with a pulse width of from 45 
to 55 ms to PD/PGM_ input under the condition 
where V PP = 25V and CS = V| H 

Programming the TMM323DI is permitted in any 
sequence and also at any particular bit location 

But the PD/PGM pulse width applied at one bit 
location should be over 45ms up to 55ms, and 
rewriting into the written location is not permitted 

When programming is carried out by applying a 
DC voltage (Vih level) instead of a pulse to the PD/ 
PGM input, erroneous writing may occur sometimes, 

OUTLINE DRAWINGS 



so a pulse whose recommended width is 50ms should 
be used in programming. 

Programming the same data to two or more TMM 
323Dls simultaneously can be accomplished by con- 
necting the respective pins together 

Program Verify Mode 

In this mode the Vpp power supply is 25V 

But assuming that PD/PGM = Vil and CS = V|i_, 

it can be possible to read written data. 

For normal read operation, the Vpp power supply 

voltage required is 5V 

Program Inhibit Mode 

Assuming that PD/PGM = V| [_ and CS = V| h under 
Vpp = 25V, it is able to inhibit the programming 

According to the above, programming into two or 
more TMM323Dls mounted on a board will be pos- 
sible 

Programming into a desired chip tied on a common 
bus line independently is possible by connecting all 
respective inputs except PD/PGM together and apply- 
ing a pulse to the PD/PGM input of a desired chip and 
applying DC voltage at the V||_ level to the PD/PGM 
inputs of the other chip 




Each lead pitch is 2 54 mm All leads are located 
within 25 mm of their true longitudinal position 
with respect to No 1 and No 24 leads 
This value is measured at the end of leads 
All dir 



Note Toshiba does not assume any responsibility for use of any circuitry described, no circuit patent 

the right, at any time without notice, to change said circuitry 
©Feb., 1981 Toshiba Corporation 



i censes are 



nplied, and Toshiba reserves 
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a TOSHIBA MOS MEMORY PRODUCTS 



4096 WORD x 8 BIT UV ERASABLE AND ELECTRICALLY 
PROGRAMMABLE ROM 

N CHANNEL SILICON STACKED GATE MOS 



TMM2732D 



DESCRIPTION 

The TMM2732D is a 4096 word x 8 bit ultraviolet 
light erasable and electrically programmable read only 
memory For read operation, the TMM2732D's 
maximum access time is 350 ns, and the TMM2732D 
operates from a single 5-volt power supply and has a 
low power standby mode which reduces the power 
dissipation without increasing access time The stand- 
by mode is achieved by applying a TTL-high level 
signal to the CE input The maximum active current 
is 150 mA and the maximum standby current is 25 
mA 



For program operation, the programming is achiev- 
ed by applying a 50 ms active TTL low program pulse 
to the CE input, and it is possible to program sequen- 
tially, individually, or at random 

The TMM2732D is fabricated with the N-channel 
silicon double layer gate MOS technology and is 
packaged in a standard 24 pin dual in line cerdip 
package 



FEATURES 

• Single 5-volt power supply 

• Fast access time 350 ns Max 

• Power dissipation 

1 50 mA Max (active current) 
25 mA Max (standby current) 

• Low power standby mode CE 

• Output buffer control OE 

PIN CONNECTION (top view) 




PIN NAMES 



A ~ Ai j 


Address Inputs 


O ~O 7 


Data Outputs (Inputs) 


CE 


Chip Enable Input 


OE /V PP 


Output Enable Input/Program Power 


Vcc 


Power (+5V) 


GND 


Ground 



• Fully static operation 

• Programs with one 50 ms pulse 

• Single location programming 

• Total programming time about 200 second 

• Three state outputs 

• Inputs and outputs TTL compatible 

• Pin compatible with i2732 and ROM TMM2332P 

BLOCK DIAGRAM 



A O- 



A 4 O- 
A 5 O- 
A6 O- 



vpp ijivu v qc 

H 1 1 



OE , CE 
Logic 
Circuit 



Column 
Decoder 



Decoder 



O O! 2 3 040 S 6 07 

nnnn 



Output 
Buffers 



Memory Cell 
Array 
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MODE SELECTION 



^^^^^^^PINS (No ) 
MODE ^^^^-^____ 


CE 
(18) 


OE / Vp P 
(20) 


Vcc 
(24) 


Outputs 
(9- 11, 13- 17) 


Read 


V|L 


V| L 


+5V 


D OUT 


Output Deselect 


* 


V| H 


+5V 


High Impedance 


Standby 


V| H 


* 


+5V 


High Impedance 


Program 


V|L 


Vp P 


+5V 


Din 


Program Verify 


V,L 


V|L 


+5V 


D OUT 


Program Inhibit 


V,H 


Vpp 


+5V 


High Impedance 



MAXIMUM RATINGS 



SYMBOL 


ITEM 


RATING 


UNIT 


Vcc 


Vcc Supply Voltage 


-03-70 


V 


OE / Vpp 


Program Supply Voltage 


-0 3 ~ 26 5 


V 


Vin 


Input Voltage 


-03-70 


V 


V OUT 


Output Voltage 


-03-70 


V 


P D 


Power Dissipation 


1 6 


W 


T SOLDER 


Soldering Temperature Time 


260 10 


°C sec 


T STRG 


Storage Temperature 


-65-125 


°C 


T OPR 


Operating Temperature 


0-70 


°C 



READ OPERATION 
D.a RECOMMENDED OPERATING CONDITIONS 



SYMBOL 


PARAMETER 


MIN 


TYP 


MAX 


UNIT 


Vcc 


Vcc Supply Voltage 


4 75 


50 


5 25 


V 


V| H 


Input High Voltage 


20 


- 


V CC + 1 


V 


V|L 


Input Low Voltage 


-0 3 


- 


08 


V 



D.C. and OPERATING CHARACTERISTICS 

(Ta = ~ 70°C, V C c = 5V ± 5%, unless otherwise noted) 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN 


TYP 


MAX 


UNIT 


I LI 


Input Load Current 


V !N =0~5 25V 


- 


- 


±10 


juA 


Ilo 


Output Leakage Current 


V UT =0 4- 5 25V 


- 


- 


±10 


MA 


■cci 


V C c Current (Standby) 


CE=V| H 


- 


- 


25 


mA 


!CC2 


Vcc Current (Active) 


CE=V lL 


- 


- 


150 


mA 


Vol 


Output Low Voltage 


l L =2 1 mA 


- 


- 


04 


V 


Vqh 


Output High Voltage 


I OH =-400juA 


24 


- 


- 


V 
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A»C, CHARACTERISTICS 

(Ta = ~ 70°C, Vcc = 5V ± 5%, unless otherwise noted) 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN. 


TYP. 


MAX 


UNIT 


tACC 


Address Access Time 


CE = OE = V, L 


- 


- 


350 


ns 


tCE 


CE to Output Valid 


OE = V IL 


- 


- 


350 


ns 


tOE 


OE to Output Valid 


CE = V IL 


_ 


- 


120 


ns 


*DF1 


CE to Output in High-Z 


OE = V IL .CE = V, H 





- 


100 


ns 


tDF2 


OE to Output in High-Z 


CE-V| L ,OE=V|H 





- 


100 


ns 


tQH 


Output Data Hold Time 


CE = OE = V, L 





- 


- 


ns 



A,C. TEST CONDITIONS 

Output Load 1TTL Gate and C L (100 pF) 

Input Pulse Rise and Fall Times ^ 20 ns 

Input Pulse Levels 8 ~ 2 2V 

Timing Measurement Reference Level Inputs 1 V and 2V 

Outputs 8V and 2V 

CAPACITANCE * (Ta - 25° C, f - IMHz) 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN 


TYP. 


MAX 


UNIT 


C|N1 


Input Capacitance Except OE/Vpp 


v, N =ov 


- 


- 


6 


pF 


C|N2 


Input Capacitance (OE/Vpp) 


V, N =0V 


- 


- 


20 


PF 


C OUT 


Output Capacitance 


V OU T=0V 


- 


- 


12 


pF 



f This parameter is periodically sampled and is not 100% tested 



TIMING WAVEFORMS {READ) 



^ 




X.. 






tCE 






*OH 




















f 




^ 


^ 


//. 


V/ 


1/ 


'/// 


W////// 


W// 






















-. tOE 








*DF1 




\\\\ 




\ 




A \ 


7//A 


'///, 


W/, 


v//, 


W//A 


W// 










*DF2 


\ High Imps 








tACC 

3 /777A j 












High Impedanc 


Data Outputs 


dance 
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TYPICAL CHARACTERISTICS 

t AC c vs - v cc 
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V CC <v) 
At A CC vs C L 
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t C E vs v cc 
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I CC1 vs V CC 



§ 10 













CE = 


9 OV 














Ta = 25°C 



































































































4 5 5 5 5 

V cc (V) 













v C c 


= 5 0V 
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V )H /V| L vs Ta 













v C c 


= 5 OV 














CE = 2 OV 
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PROGRAM OPERATION 
D.C. RECOMMENDED OPERATING CONDITIONS 



SYMBOL 


PARAMETER 


MIN 


TYP 


MAX 


UNIT 


V| H 


Input High Voltage 


20 


- 


V CC + 1 


V 


V|L 


Input Low Voltage 


-0 3 


- 


08 


V 


Vcc 


Vcc Supply Voltage 


4 75 


50 


5 25 


V 


Vpp 


Program Input Voltage 


24 


25 


26 


V 



DC. PROGRAMMING CHARACTERISTICS 

(Ta = 25 ± 5°C, V CC = 5V ± 5%, V PP = 25V ±1 V) 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN 


TYP 


MAX 


UNIT 


Ili 


Input Current 


V, N = 0~5 25V 


- 


- 


±10 


juA 


V H 


Output High Voltage 


I OH =-400juA 


24 


- 


- 


V 


Vol 


Output Low Voltage 


Iql =2 1 mA 


- 


- 


04 


V 


Ice 


Vcc Supply Current 


- 


- 


- 


150 


mA 


Ipp 


Vpp Supply Current 


CE =V| L OE = V PP 


- 


- 


30 


mA 



A.C. PROGRAMMING CHARACTERISTICS 

(Ta = 25 ± 5°C, Vcc = 5V ± 5%, V PP = 25 ± 1 V) 



SYMBOL 


PARAMETER 


MIN 


TYP 


MAX 


UNIT 


Us 


Address Set Up Time 


2 


- 


- 


Ais 


tOES 


OE Set Up Time 


2 


- 


- 


MS 


*DS 


Data Set Up Time 


2 


- 


- 


MS 


(1)t A H 


Address Hold Time 





- 


- 


MS 


tOEH 


OE Hold Time 


2 


- 


- 


MS 


*DH 


Data Hold Time 


2 


- 


- 


Ms 


tDF 


CE to Output in High-Z 


- 


- 


100 


ns 


tCE 


CE to Output Valid 


- 


- 


350 


ns 


tp W 


Program Pulse Width 


45 


50 


55 


ms 


tPRT 


Vpp Pulse Rise Time 


50 


- 


- 


ns 


*VR 


Vpp Recovery Time 


2 


- 


- 


Ms 



Note (1) t^H (Program Operation 1 )= Ms mm 
t^H (Program Operation 2) = 2 ms mm 
Refer to Timing Waveforms 

A,C. TEST CONDITIONS 

• Input Pulse Rise and Fall Times 

• Input Pulse Levels 

• Timing Measurement Reference Level — Inputs 

Outputs 



^ 20 ns 
8 ~ 2 2V 
1V&2V 
8V & 2 0V 
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TIMING WAVEFORMS (PROGRAM OPERATION) 

Program Operation 1 



X 



PROGRAM MODE 



ADDRESS N 




DATA IN 
(ADDRESS N) 




PROGRAM 
VERIFY MODE 



< 



X 



DATA OUT 
(ADDRESS N) 



> 



Program Operation 2 (OE/V PP = V P p) 



X 



ADDRESS N 



X 



<-. 



DATA IN (ADDRESS N) 



> 



NOTE 1 Vcc m ust be applied simultaneously or before Vpp and cut off simultaneously or after Vpp 

2 Sometimes removing the device from socket and setting the device in socket under the condition 
Vpp = 25V ± 1 V may cause permanent damage to the device 

3 The Vpp supply voltage is permitted up to 26V for program operation, so the voltage over 26V 
should not be applied to the Vpp input When the switching pulse voltage is applied to the Vpp 
input, the over-shoot voltage of its pulse should not be exceeded 26V 

ERASURE CHARACTERISTICS 

The TMM2732D's erasure is achieved by applying shortwave ultraviolet light which has a wavelength of 2537A 
(Angstroms) to the chip through the transparent window Then integrated dose (ultraviolet light intensity 
[w/cm 2 ] x exposure time [sec ] ) for erasure should be a minimum of 15 [w sec/cm 2 ] 

When the Toshiba sterilizing lamp GL-15 is used and the device is exposed at a distance of 1 cm from the lamp 
surface, the erasure will be achieved within 60 minutes And using commercial lamps whose ultraviolet light 
intensity is a 12000 [/iw/cm 2 ] will reduce the exposure time to about 20 minutes. (In this case, the integrated 
dose is 12000 [juw/cm 2 ] x (20 x 60) [sec] as 15 [w sec/cm 2 ] ) 

The TMM2732D's erasure begins to occur when exposed to light with wavelength shorter than 4000A The 
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sunlight and the fluorescent lamps will include 3000 ~ 4000A wavelength components Therefore when used 
under such lighting for extended periods of time, the opaque seals - Toshiba EPROM Protect Seal AC901 - 
are available 



OPERATION INFORMATION 

The TMM2732D's six operation modes are listed in the following table Mode selection can be achieved by 
applying TTL level signal to all inputs except for OE/Vpp In the read operation mode, a signal 5-volt power 
supply is required and the levels required for all inputs are TTL 
In the program operation mode the OE/Vpp is pulsed from a TTL level to 25V 



MODE 


PINS (NO ) 


CE (18) 


OE/Vpp (20) 


V CC (24) 


O ~0 7 (9-11,13-17) 


READ 

OPERATION 
(Ta = 0~70°C) 


READ 


V| L 


V|L 


+5V 


DATA OUTPUT 


OUTPUT DESELECT 


* 


V| H 


+5V 


HIGH IMPEDANCE 


STANDBY 


V|H 


* 


+5V 


HIGH IMPEDANCE 


PROGRAM 
OPERATION 
(Ta = 25±5°C) 


PROGRAM 


V| L 


v PP 


+5V 


DATA INPUT 


PROGRAM VERIFY 


V, L 


V,L 


+5V 


DATA OUTPUT 


PROGRAM INHIBIT 


V| H 


Vpp 


+5V 


HIGH IMPEDANCE 



READ MODE 

The TMM2732D has two control functions Chip Enable (CE) controls the operation power and should be 
used for device selection Output Enable (OE) controls the output buffers, independent of device selection 

Assuming that CE = OE = Vil, the output data is valid at the outputs within address access time (350 ns max.) 
after stabilizing of the addresses. 

The CE to output valid (tfjE) is equal to the address access time 

Assuming that CE = Vil and addresses are stable, the output data is valid at the outputs within trjE (120 ns 
max ) after the falling edge of OE 



OUTPUT DESELECT MODE 

Assuming that OE = Vih or CE = Vm, the outputs will be in a high_ impedance state So two or more 
TMM2732Ds can be connected together on a common bus line When CE is decoded for device selection, all 
deselected devices are in low power standby mode 
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STANDBY MODE 

The TMM2732D has a low power standby mode controlled by CE signal By applying a TTL high level signal 
to the CE input, the TMM2732D is placed in the standby mode which reduce the operating current from 150 mA 
to 25mA, and then the outputs are in a high impedance state, independent of the OE input 



PROGRAM MODE 

Initially, when received by customers, all bits of the TMM2732D are in the "1" state which is erased state 
Therefore the program operation is to introduce "0s" data into the desired bit locations by electrically program- 
ming The TMM2732D is set up in the program operation mode when applied the program input voltage (+25V) 
to the OE/Vpp input under CE = Vjh 

Then programming is achieved by applying a 50 ms active low TTL program pulse to the CE input after the 
addresses and data are stable This program pulse should be a single pulse with 50 ms pulse width per address 
word, and its maximum value is 55 ms The levels required for the address and data inputs are TTL The 
TMM2732D can be programmed at any time individually, sequentially, or at random The TMM2732D must not 
be programmed with a DC signal applied to the CE input 



PROGRAM VERIFY MODE 

The verify mode is to check that the desired data is correctly programmed on the programmed bits The verify 
is accomplished with OE/Vpp and CE at V||_ Data should be verified within tcE (350 ns max ) after the falling 
edge of CE 



PROGRAM INHIBIT MODE 

Under the condition that the program input voltage (+25V) is applied to the OE/Vpp input, a TTL high level 
CE input inhibits the TMM2732D from being programmed 

Programming of two or more TMM2732Ds in parallel with different data is easily accomplished That is, all 
inputs except for CE are commonly connected, and the program pulse is applied to the CE input of the desired 
device only and the TTL high level signal is applied to the other devices 
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OUTLINE DRAWINGS 



rfirfrrjirfi 



-h r-h i+i rj- rj-i rH rp rh 



^f 




^ 4j4jL4jLJjLJjL|j4jl|j||iL|.JL|jL|j ' 
1 2 3 4 5 6 7 8 9 10 11 12 




+0.15 
-0 10 



Note 1 Each lead pitch is 2 54 
and No 24 leads 

2 This value is measured at the end of leads 

3 All dimensions are in millimeters 



All leads are located within 25 mm of their true longitudinal position with respect to No 1 
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a TOSHIBA MOS MEMORY PRODUCTS 



4096 WORD x 8 BIT UV ERASABLE AND ELECTRICALLY 
PROGRAMMABLE ROM 

N CHANNEL SILICON STACKED GATE MOS 



TMM2732DI 



DESCRIPTION 

The TMM2732DI is a 4096 word x 8 bit ultraviolet 
light erasable and electrically programmable read only 
memory For read operation, the TMM2732DI's 
maximum access time is 350 ns, and the TMM2732DI 
operates from a single 5-volt power supply and has a 
low power standby mode which reduces the power 
dissipation without increasing access time. The stand- 
by mode is achieved by applying a TTL-high level 
signal to the CE input The maximum active current 
is 150 mA and the maximum standby current is 30 
mA 



For program operation, the programming is achiev- 
ed by applying a 50 ms active TTL low program pulse 
to the CE input, and it is possible to program sequen- 
tially, individually, or at random 

The TMM2732DI is fabricated with the N-channel 
silicon double layer gate MOS technology and is 
packaged in a standard 24 pin dual in line cerdip 
package 



FEATURES 

• Wide operating temperature range 

Ta = -40~ 85° C 

• Fast access time 350 ns Max 

• Power dissipation 

150 mA Max. (active current) 
30 mA Max (standby current) 

• Low power standby mode CE 

PIN CONNECTION (top view) 




PIN NAMES 



A ~ A x ! 


Address Inputs 


O ~O 7 


Data Outputs (Inputs) 


Cf 


Chip Enable Input 


OE / V PP 


Output Enable Input/Program Power 


Vcc 


Power (+5V) 


GND 


Ground 



• Output buffer control OE 

• Fully static operation 

• Programs with one 50 ms pulse 

• Single location programming 

• Total programming time about 200 second 

• Three state outputs 

• Inputs and outputs TTL compatible 

• Pin compatible with i2732 and ROM TMM2332P 

BLOCK DIAGRAM 

V PP GND V CC 
! J 7 T OoOjOaOaO^gOeO, 

i ii i nriim 



A 
Ai 
A 2 
A 3 

A 4 



A6 O- 
A 7 ID- 
AS O- 
A 9 ,0— 
Aio O— 



OE , CE 
Logic 
Circuit 



Column 
Decoder 



Output 
B uf f ers 



Memory Cell 
Array 
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MODE SELECTION 



^^^^^^PINS (No ) 
MODE ^~^^^__^ 


CE 
(18) 


OE / Vp P 
(20) 


v C c 

(24) 


Outputs 
(9- 11, 13- 17) 


Read 


V|L 


V|L 


+5V 


D OUT 


Output Deselect 


* 


V| H 


+5V 


High Impedance 


Standby 


V| H 


* 


+5V 


High Impedance 


Program 


V|L 


V PP 


+5V 


D|N 


Program Verify 


V|L 


V,L 


+5V 


D OUT 


Program Inhibit 


V| H 


Vpp 


+5V 


High Impedance 



V m or V, L 



MAXIMUM RATINGS 



SYMBOL 


ITEM 


RATING 


UNIT 


Vcc 


Vcc Supply Voltage 


-03-70 


V 


OE / Vpp 


Program Supply Voltage 


-0 3 ~ 26 5 


V 


V| N 


Input Voltage 


-03-70 


V 


V OUT 


Output Voltage 


-0 3 ~ 7 


V 


Pd 


Power Dissipation 


1 6 


W 


TsOLDER 


Soldering Temperature Time 


260 10 


°C sec 


T STRG 


Storage Temperature 


-65-125 


°C 


Tqpr 


Operating Temperature 


-40 - 85 


°C 



READ OPERATION 
0.C. RECOMMENDED OPERATING CONDITIONS 



SYMBOL 


PARAMETER 


MIN 


TYP 


MAX 


UNIT 


Vcc 


V C c Supply Voltage 


4 75 


50 


5 25 


V 


V| H 


Input High Voltage 


22 


- 


V cc + 1 


V 


Vil 


Input Low Voltage 


-0 3 


- 


08 


V 



D.C. and OPERATING CHARACTERISTICS 

(Ta= -40 ~ 85°C, V C c = 5V ± 5%, unless otherwise noted) 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN 


TYP 


MAX j 


UNIT 


" LI 


Input Load Current 


V| N =0~5 25V 


- 


- 


±10 


/iA 


Ilo 


Output Leakage Current 


V UT =04~5 25V 


- 


- 


±10 


MA 


'cci 


V C c Current (Standby) 


CE=V IH 


- 


- 


30 


mA 


'CC2 


Vcc Current (Active) 


CE=V IL 


- 


- 


150 


mA 


Vol 


Output Low Voltage 


Iol =2 1 mA 


- 


- 


04 


V 


V H 


Output High Voltage 


I OH = -400 mA 


24 


- 


- 


V 
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A.C. CHARACTERISTICS 

(Ta = -40 ~ 85°C, V cc = 5V ± 5%, unless otherwise noted) 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN. 


TYP. 


MAX 


UNIT 


tACC 


Address Access Time 


CE = OE=V| L 


- 


- 


350 


ns 


tCE 


CE to Output Valid 


OE = V IL 


- 


- 


350 


ns 


tOE 


OE to Output Valid 


CE = V IL 


- 


- 


120 


ns 


*DF1 


CE to Output in High-Z 


OE = V, l .CE = V,h 





- 


100 


ns 


*DF2 


OE to Output in High-Z 


CE = V IL ,OE=V| H 





- 


100 


ns 


tQH 


Output Data Hold Time 


CE =OE =V, L 





- 


- 


ns 



A.C. TEST CONDITIONS 

Output Load 1TTL Gate and C L (100 pF) 

Input Pulse Rise and Fall Times ^ 20 ns 

Input Pulse Levels 8 ~ 2 2V 

Timing Measurement Reference Level Inputs 1 V and 2V 

Outputs 8V and 2V 

CAPACITANCE * (Ta = 25° C, f - 1MHz} 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN 


TYP. 


MAX 


UNIT 


C IN1 


Input Capacitance Except OE/Vpp 


v, N =ov 


- 


- 


6 


PF 


C|N2 


Input Capacitance (OE/V PP ) 


V| N =0V 


- 


- 


20 


PF 


C OUT 


Output Capacitance 


V OU T=0V 


- 


- 


12 


PF 



' This parameter is periodically sampled and is not 100% tested 



TIMING WAVEFORMS {READ} 



- yt 
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PROGRAM OPERATION 
D.C. RECOMMENDED OPERATING CONDITIONS 



SYMBOL 


PARAMETER 


MIN 


TYP 


MAX 


UNIT 


V| H 


Input High Voltage 


22 


- 


V C c + 1 


V 


V|L 


Input Low Voltage 


-0 3 


- 


08 


V 


Vcc 


Vcc Supply Voltage 


4 75 


50 


5 25 


V 


Vpp 


Program Input Voltage 


24 


25 


26 


V 



D.a PROGRAMMING CHARACTERISTICS 

(Ta = 25±5°C, V CC =5V ±5%, V PP = 25V ±1V) 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN 


TYP 


MAX 


UNIT 


"LI 


Input Current 


V, N =0~5 25V 


- 


- 


±10 


juA 


V H 


Output High Voltage 


I OH =^00/iA 


24 


- 


- 


V 


Vol 


Output Low Voltage 


Iql = 2 1 mA 


- 


- 


04 


V 


'cc 


Vcc Supply Current 


- 


- 


- 


150 


mA 


Ipp 


Vpp Supply Current 


CE=V| L OE = V PP 


- 


- 


30 


mA 



A.C, PROGRAMMING CHARACTERISTICS 

(Ta=25±5°C, Vcc = 5V ± 5%, V PP = 25±1V) 



SYMBOL 


PARAMETER 


MIN 


TYP 


MAX 


UNIT 


tAS 


Address Set Up Time 


2 


- 


- 


jus 


tOES 


OE Set Up Time 


2 


- 


- 


Ms 


tDS 


Data Set Up Time 


2 


- 


- 


/xs 


(Dt A H 


Address Hold Time 





- 


- 


Ms 


*OEH 


OE Hold Time 


2 


- 


- 


Ms 


*DH 


Data Hold Time 


2 


- 


- 


Ms 


tDF 


CE to Output in High-Z 


- 


- 


100 


ns 


tCE 


CE to Output Valid 


- 


- 


350 


ns 


tp W 


Program Pulse Width 


45 


50 


55 


ms 


tPRT 


Vpp Pulse Rise Time 


50 


- 


- 


ns 


Wr 


Vpp Recovery Time 


2 


- 


- 


MS 



Note (1) t^H (Program Operation 1) =0 ms mm 
tAH (Program Operation 2) = 2 ms mm 
Refer to Timing Waveforms 

A.C. TEST CONDITIONS 

• Input Pulse Rise and Fall Times 

• Input Pulse Levels 

• Timing Measurement Reference Level — 





^ 20 ns 




8 ~ 2 2V 


Inputs : 


1V&2V 


Outputs 


8V & 2 0V 
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TIMING WAVEFORMS (PROGRAM OPERATION) 

Program Operation 1 



PROGRAM MODE 



PROGRAM 
VERIFY MODE 




Program Operation 2 (OE/Vpp = Vpp) 



X 



ADDRESS N 



X 



< 



DATA IN (ADDRESS N) 



> 



NOTE 1 Vcc mu st be applied simultaneously or before Vpp and cut off simultaneously or after Vpp 

2 Sometimes removing the device from socket and setting the device in socket under the condition 
Vpp = 25V ± 1 V may cause permanent damage to the device 

3 The Vpp supply voltage is permitted up to 26V for program operation, so the voltage over 26V 
should not be applied to the Vpp input When the switching pulse voltage is applied to the Vpp 
input, the over-shoot voltage of its pulse should not be exceeded 26V 

ERASURE CHARACTERISTICS 

The TMM2732D I's erasure is achieved by applying shortwave ultraviolet light which has a wavelength of 2537A 
(Angstroms) to the chip through the transparent window Then integrated dose (ultraviolet light intensity 
[w/cm 2 ] x exposure time [sec ] ) for erasure should be a minimum of 1 5 [w sec/cm 2 ] 

When the Toshiba sterilizing lamp GL-15 is used and the device is exposed at a distance of 1 cm from the lamp 
surface, the erasure will be achieved within 60 minutes And using commercial lamps whose ultraviolet light 
intensity is a 12000 [juw/cm 2 ] will reduce the exposure time to about 20 minutes (In this case, the integrated 
dose is 12000 [/iw/cm 2 ] x (20 x 60) [sec] ~ 15 [w sec/cm 2 ] ) 

The TMM2732DI's erasure begins to occur when exposed to light with wavelength shorter than 4000A The 
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sunlight and the fluorescent lamps will include 3000 ~ 4000A wavelength components Therefore when used 
under such lighting for extended periods of time, the opaque seals — Toshiba EPROM Protect Seal AC901 — 
are available 



OPERATION INFORMATION 

The TMM2732DI's six operation modes are listed in the following table Mode selection can be achieved by 
applying TTL level signal to all inputs except for OE/Vpp In the read operation mode, a signal 5-volt power 
supply is required and the levels required for all inputs are TTL 
In the program operation mode the OE/Vpp is pulsed from a TTL level to 25V 



MODE 


PINS (NO ) 


CE (18) 


OE/Vpp (20) 


V CC (24) 


O ~0 7 (9-11, 13-17) 


READ 
OPERATION 


READ 


V,L 


V| L 


+5V 


DATA OUTPUT 


OUTPUT DESELECT 


* 


V,H 


+5V 


HIGH IMPEDANCE 


STANDBY 


V|H 


* 


+5V 


HIGH IMPEDANCE 


PROGRAM 
OPERATION 


PROGRAM 


V| L 


v PP 


+5V 


DATA INPUT 


PROGRAM VERIFY 


V,L 


V| L 


+5V 


DATA OUTPUT 


PROGRAM INHIBIT 


V| H 


V PP 


+5V 


HIGH IMPEDANCE 



READ MODE 

The TMM2732DI has two control functions Chip Enable (CE) controls the operation power and should be 
used for device selection Output Enable (OE) controls the output buffers, independent of device selection 

Assuming that CE = OE = V||_, the output data is valid at the outputs within address access time (350 ns max ) 
after stabilizing of the addresses 

The CE to output valid (tcE> is equal to the address access time 

Assuming that CE = V||_ and addresses are stable, the output data is valid at the outputs within trjE (120 ns 
max ) after the falling edge of OE 



OUTPUT DESELECT MODE 

Assuming that OE = Vih or CE = Vih, the outputs will be in a high_ impedance state So two or more 
TMM2732Dlscan be connected together on a common bus line When CE is decoded for device selection, all 
deselected devices are in low power standby mode 
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STANDBY MODE 

The TMM2732DI has a low power standby mode controlled by CE signal By applying a TTL high level signal 
to the CE input, the TMM2732DI is placed in the standby mode which reduce the operating current from 150 mA 
to 30mA, and then the outputs are in a high impedance state, independent of the OE input 



PROGRAM MODE 

Initially, when received by customers, all bits of the TMM2732DI are in the "1" state which is erased state 
Therefore the program operation is to introduce "0s" data into the desired bit locations by electrically program- 
ming The TMM2732DI is set up in the program operation mode when applied the program input voltage (+25V) 
to the OE/Vpp input under CE = Vih 

Then programming is achieved by applying a 50 ms active low TTL program pulse to the CE input after the 
addresses and data are stable This program pulse should be a single pulse with 50 ms pulse width per address 
word, and its maximum value is 55 ms The levels required for the address and data inputs are TTL The 
TMM2732DI can be programmed at any time individually, sequentially, or at random The TMM2732DI must not 
be programmed with a DC signal applied to the CE input 



PROGRAM VERIFY MODE 

The verify mode is to check that the desired data is correctly programmed on the programmed bits The verify 
is accomplished with OE/Vpp and CE at V||_ Data should be verified within tcE (350 ns max ) after the falling 
edge of CE 



PROGRAM INHIBIT MODE 

Under the condition that the program input voltage (+25V) is applied to the OE/Vpp input, a TTL high level 
CE input inhibits the TMM2732DI from being programmed 

Programming of two or more TMM2732DI s in parallel with different data is easily accomplished That is, all 
inputs except for CE are commonly connected, and the program pulse is applied to the CE input of the desired 
device only and the TTL high level signal is applied to the other devices 
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TOSHIBA 



OUTLINE DRAWINGS 



^ 




N I I I I I I I I I I I I I I I I r4-l I 1 I | 1 I I I II I I I I Y * 
1 2 3 4 5 6 7 8 9 10 11 12 




025 -0 10 I 



Note 1 Each lead pitch is 2 54 
and No 24 leads 

2 This value is measured at the end of leads 

3 All dimensions are in millimeters 



All leads are located within 25 mm of their true longitudinal position with respect to No 1 



Note. Toshiba does not assume any responsibility for use of any cir 

right, at any time without notice, to change said circuitry 
©Feb, 1981 Toshiba Corporation 



uitry described, no circuit patent licenses are implied, and Toshiba reserves the 
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■ TOSHIBA MOS MEMORY PRODUCTS 



2,048 WORD x 8 BIT CMOS STATIC RAM 
SILICON GATE CMOS 



TC55 I 7BP 



DESCRIPTION 

The TC5517BP is a 16384-bit high speed and low 
power static random access memory organized as 
2048 words by 8 bits using CMOS technology, and 
operates from a single 5 volt supply 

The TC5517BP is featured by output enable and 
chip enable inputs, that is, OE for fast memory access 
and CE for a minimum standby current mode, and is 
suited for low power application where battery opera- 
tion or battery back up for nonvolatihty are required 

FEATURES 



• Low Power Dissipation 

25/iW (TYP ) Standby 
25 mW (TYP ) Operating 

• Fast Access Time 

200 ns (Max ) 

• Single 5V Power Supply 

• Fully Static Operation 

PIN CONNECTION I ^~ 



A 7 C 1 

AeC 2 

A 5 C 3 
A 4 C4 
A3 C 5 
A 2 C 6 
A t C 7 
A C 8 
l/Oi C 9 

i/o 2 C 10 

I/O3CII 
GND £ 12 



PIN NAMES 



24 3 v DD 

23 D a 8 
22 D A 9 
21 3 R/W 
20 U OE 
19 H A 10 
18 U CE 
17 H l/0 8 
16 ^ I/O7 
15 3 l/0 6 
14 3I/O5 
13 3 I/O4 



A ~A 10 


Address Inputs 


R/W 


Read/Write Control Input 


OE 


Output Enable Input 


CE 


Chip Enable Input 


I/O! ~l/0 8 


Data Input/Output 


V D D 


Power "(+5V) 


GND 


Ground 



* This is advance information and specifications 
are subject to change without notice. 

The TC5517BP is also featured by pin compatibili- 
ty with 2716 type EPROM This means that the 
TC5517BP and EPROM can be interchanged in the 
same socket, and the flexibility in the definition of 
the quantity of RAM versus EPROM obtained as a 
result allows the wide application in microcomputer 
system 

The TC5517BP is moulded in a dual-in-line 24 pin 
standard plastic package 



• Low Power Standby Mode CE 

• Data Retention Supply Voltage . 2V to 5 5V 

• All Inputs and Outputs Directly TTL Compatible 

• Three State Outputs 

• Pin Compatible with TC5516AP 

• Standard 24 pin Plastic Package 

BLOCK DIAGRAM 
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Note Toshiba does not assume any responsibility for use of any circuitry described, no circuit patent licenses are implied, and Toshiba reserves the 

right, at any time without notice, to change said circuitry 
©Mar , 1981 Toshiba Corporation 
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■ TOSHIBA MOS MEMORY PRODUCTS 



2048 WORD x 8 BIT CMOS STATIC RAM 
SILICON GATE CMOS 



TC55 I 8BP 



DESCRIPTION 

The TC5518BP is a 16384-bit high speed and low 
power fully static random access memory organized 
as 2048 words by 8 bits using CMOS technology, and 
operates from a single 5 volt supply 

The TC5518BP is featured by two chip enable in- 
puts, that is CEj and CE 2 for a minimum standby 
current mode, and is suited for low power application 
where battery operation or battery back up for non- 
volatihty are required 

FEATURES 

• Low Power Dissipation 

0.25 mW (TYP) Standby 
25 mW (TYP.) Operating 

• Fast Access Time 

200 ns (Max ) 

• Single 5V Power Supply 

• Fully Static Operation 

PIH C0f#iECT*0N (top v.ew) 



* This is advance information and specifications 
are subject to change without notice. 

The TC5518BP is also featured by pin compatibili- 
ty with 2716 type EPROM. This means that the 
TC5518BP and EPROM can be interchanged in the 
same socket, and the flexibility in the definition of 
the quantity of RAM versus EPROM obtained as a 
result allows the wide application in microcomputer 
system 

The TC5518BP is moulded in a dual-in-line 24 pin 
standard plastic package 



► Low Power Standby Mode . CEj or CE7 

► Data Retention Supply Voltage . 2V to 5 5V 

► All Inputs and Outputs : Directly TTL Compatible 
» Three State Outputs 

► Pin Compatible with TC5516AP 

► Standard 24 pin Plastic Package 

BLOCK D1A0RAM 




PIN NAMES 



A ~A 10 


Address I nputs 


R/W 


Read/Write Control Input 


cI7, ce7 


Chip Enable Inputs 


l/Oi - l/0 8 


Data Input/Output 


Vdd 


Power (+5V) 


GND 


Ground 
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Jote Toshiba does not assume any responsibility for use of any circuitry described, no circuit patent licenses are implied, and Toshiba reserves the 

right, at any time without notice, to change said circuitry 
DMar , 1981 Toshiba Corporation 



174- 



■ TOSHIBA MOS MEMORY PRODUCTS 



2,048 WORD x 8 BIT STATIC RAM 

N-CHANNEL SILICON GATE DEPLETION LOAP 



TMM20 I 6H 



DESCRIPTION 

The TMM2016H is a 16384-bit high speed static 
random access memory organized as 2048-words by 
8-bits and operates from a single 5V power supply 
Common 8 bit inputs/outputs are provided 

In memory expansion, low power application is 
possible by using the chip select input (CS) When 
CS is in Vih level, the device is in low power standby 

FEATURES 

• Fast Access Time 

tACC =35/45 ns (Max ) 

• Power Dissipation 

Ice = 150mA (Operating) 
l S B =20mA (Standby) 

• Single 5V Power Supply 

• Power Down Feature CS 

• Output Buffer Control . OE 

PIN CONNECTION 



PIN NAMES 




SYMBOL 


NAME 


A ~A 3 


Column Address Inputs 


A 4 ~ Aj o 


Row Address Inputs 


CS 


Chip Select Input 


WE 


Write Enable Input 


I/O! ~ l/0 8 


Data Input/Output 


OE 


Output Enable Input 


v C c 


Power (5V) 


GND 


Ground 



* This is advance information and specifications 
are subject to change without notice. 

mode, and the operating current is reduced to 20mA 
from 150mA. 

TMM2016H is fabricated with ion implanted N- 
channel silicon gate technology This technology 
provides high performance and high reliability The 
chip is placed in a 24 pin standard dual in line pack- 
age, 6 inch in width 



Easy Memory Expansion . CS 
Fully Static Operation 

No clocks or timing strobe required 
Common Data Inputs/Outputs 
Three State Outputs - Wired OR Capability 
Inputs protected — All inputs have protection 
against static charge 



BLOCK DIAGRAM 
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Note Toshiba does not assume any responsibility for use of any circuitry described, no circuit patent licenses are implied, and Toshiba reserves the 

right, at any time without notice, to change said circuitry 
©Mar , 1981 Toshiba Corporation 
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M TOSHIBA MOS MEMORY PRODUCTS 



TMM2764D 8,192 WORD x 8 BIT UV ERASABLE AND ELECTRICALLY 
PROGRAMMABLE READ ONLY MEMORY 

IM-CHANNEL SILICON STACKED GATE MOS 



TMM2764D 



DESCRIPTION 

The TMM2764D is a 8192 word x 8 bit ultraviolet 
light erasable and electrically programmable read only 
memory. For read operation, the TMM2764D's ac- 
cess time is 200 ns, and the TMM2764D operates 
from a single 5-volt power supply and has a low 
power standby mode which reduces the power dis- 
sipation without increasing access time. The standby 
mode is achieved by applying a TTL-high level signal 
to the CE input. The maximum active current is 150 

FEATURES 

• Single 5-volt power supply 

• Fast access time . 200 ns 

• Power dissipation : 

150 mA (active current) 
35 mA (standby current) 

• Low power standby mode . CE 

• Output buffer control . OE 

PtN CONNECTION 



* This is advance information and specifications 
are subject to change without notice. 

mA and the maximum standby current is 35 mA 

For program operation, the programming is achiev- 
ed by applying a 50 ms active TTL low program pulse 
to the PGM input, and it is possible to program se- 
quentially, individually, or at random 

The TMM2764D is fabricated with the N-channel 
silicon double layer gate MOS technology and is 
packaged in a standard 28 pin dual in line cerdip 
package. 



• Fully static operation 

• Programs with one 50 ms pulse 

• Single location programming 

• Three state outputs 

• Inputs and outputs TTL compatible 

• Pin compatible with i2764 and ROM TMM2364P 

BLOCK DIAGRAM 



'o Oi0 2 03 4 Os0 6 7 



3CE 
HO, 



A 5 C 
A 4 C 



A C 8 
OoC 9 



OE, CE 

and PGM 



Column 



Decoder 



mm 


? 


Output 
Buffers 


Column I/O 
Circuit 


Memory Cell 

Array 
8 192 x 8 



PIN NAMES 



MODE SELECTION 



A ~ Ai 2 


Address Inputs 


o ~o 7 


Outputs (Inputs) 


CE 


Chip Enable Input 


OE 


Output Enable Input 


PGM 


Program Control Input 


N.C. 


No. Connection 


VPP 


Program Supply Voltage 


vcc 


Vcc Supply Voltage (+5V) 


GND 


Ground 



Mode ^~^-\^ 


PGM 
(27) 


CE 
(20) 


OE 
(22) 


Vp P 
(1) 


vcc 

(28) 


o ~o 7 

(11 ~13.15~19) 


Power 


Read 


H 


L 


L 


5V 


5V 


Data Out 


Active 


Output Deselect 


* 


* 


H 


5V 


High 

Impedance 


Standby 


* 


H 


♦ 


5V 


High 

Impedance 


Standby 


Program 


L 


L 


• 


21V 


5V 


Data in 


Active 


Program 
Inhibit 


* 


H 


* 


5V 


High 

Impedance 


H 


* 


* 


5V 


Unknown 


Program Verify 


H 


L 


L 


5V 


Data Out 



Note, * H ro L 
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Note Toshiba does not assume any responsibility for use of any circuitry described, no circuit patent licenses are implied, and Toshiba 

right, at any time without notice, to change said circuitry 
©Mar , 1981 Toshiba Corporation 
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H TOSHIBA MOS MEMORY PRODUCTS 



TMM23256P 256K BIT (32K WORD x BIT) MASK PROGRAMMABLE ROM 



N-CHANNEL SILICON GATE MOS 



DESCRIPTION 

The TMM23256P is a 262,144 bit read only memo- 
ry organized as 32,768 words by 8 bits with a low bit 
cost, thus being most suitable for use in character 
generator 

Consisting of static memory cells and clocked peri- 
pheral circuitry, the TMM23256P provides a high 
speed and low power dissipation (access time 150ns, 
operating current 40mA). 

The TMM23256P also features an automatic stand- 
by power mode When deselected by Chip Enable 
(CE), the operating current is reduced from 40mA to 

FEATURES 

• Single 5V Power Supply 

• Fast Access Time . 150ns (Max) 

• Low Power Dissipation 

Average Current 40mA (Max.) 
Standby Current • 10mA (Max ) 

• Inputs protected 

All Inputs Have Protection 
Against Static Charge 



PIN CONNECTION 



NCC 
A 8 C 
A 7 C 
A 6 C 
AsC 
A 4 £ 
A 3 C 
A 2 C 
AiC 
AoC 
DqC 
DiC 
D 2 C 

GNDC 



28 HV CC 
27 UA 14 
26UA13 
25]A 8 
24 3A 9 
23 ]An 
22 HOE 
21 DAio 
20 HCE 
19 HD 7 
18 JD 6 
17 JD S 
16 HD 4 
151D 3 



PIN NAMES 



A ~A 14 


Address Inputs 


D ~D 7 


Data Outputs 


OE 


Output enable Input 


CE 


Chip enable Input 


N C 


No Connection 


v C c 


Power Supply Terminal 


GND 


Ground 



TMM23256P 



* This is advance information and specifications 
are subject to change without notice. 



10mA Output Enable (OE) is effective in preventing 
data confhction on a common bus line 

The TMM23256P uses the address latch system 
that the falling edge of CE latches all inputs except 
for OE, thus can be easily connected to a system 
where address and data buses are commonly used 

The TMM23256P is fabricated with ion implanted 
N-channel silicon gate technology This technology 
allows a production on high performance 

The TMM23256P is moulded in a 28 pin standard 
plastic package, 6 inch in width 



Edge Enabled Operation . CE 

Output Buffer Control OE 

Input and Output . TTL Compatible 

Three State Outputs Wired OR Capability 

28 pin Standard Plastic DIP 



BLOCK DIAGRAM v <= c ° ND 



DQDJD2D3D4D5D6D7 



Chip Enable 
Input Buffer 
and Clock 



Output 
Buffers 



A 3 

A 4 

A 5 



A 8 
A 9 



Auc 
Ai 2 C 
Ai3C 



Column Decoder 



262,144 bits 
Memory cell 
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Note Toshiba does not assume any responsibility for use of any circuitry described, no circuit patent licenses are implied, and Toshiba reserves the 

right, at any time without notice, to change said circuitry 
©Mar , 1981 Toshiba Corporation 
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TOSHIBA ULTRA LOW STANDBY POWER CMOS MEMORY 



FEATURES 

Standby Current 

2juA (Max ) atTa = 25°C 

1 OjuA (Max ) atTa = 60°C 



Guaranteed Data Retention Supply Voltage 
2 ~ 5 5V 



This characteristics have made it possible to use primary Battery 
(for example Lithium Battery — Strong power, long life time) 



FAMILY 



DEVICE NAME 


ORGANIZATION 


ACCESS TIME (ns) 


CYCLE TIME (ns) 


PACKAGE 


TC5504APL -2 
-3 


4K WORDS x 1 BIT 


200 
300 


300 
420 


18 PIN PLASTIC 300 MILS 


TC5504ADL-2 
-3 


200 
300 


300 
420 


18 PIN CERDIP300MILS 


TC5514APL -2 
-3 


1K WORDS x 4 BITS 


200 
300 


200 
300 


18 PIN PLASTIC 300 MILS 


TC5514ADL-2 
-3 


200 
300 


200 
300 


18 PIN CERDIP300MILS 


TC5516APL 


2K WORDS x 8 BITS 


250 


250 


24 PIN PLASTIC 600 MILS 



NONVOLATILE APPLICATION 

Example Current Capacity VS Retention Time and Memory Size 



Units mA H 



Retention 

Time (Year) 


Memory Size 
^-^( K byte) 


2 


4 


8 


16 


32 


64 


1 


88 


176 


35 2 


70 


140 


280 


5 


44 


88 


176 


352 


700 


1400 


10 


88 


176 


352 


700 


1400 


2800 



Nominal Current Capacity of Lithium Battery is usually from 750 to 5000 mA H in Cylinder type and from 
60 to 160 mA H in coin type 

Even if the derating factor is considered, Lithium Battery is most suitable battery for nonvolatile memory applica- 
tions 
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8ATTSRY BACKUP APPLICATION FOR f CS51SAP/APL 



vcc^ 

+5V 



2SA966 



02BZ3.3 
^5K 



10K 



2SC1815 



RD >- 



WR >■ 



Power 

Fail >- 

from CPU 



2: 



Address 



IOK2 



VDD 
CE 2 

CEi 

R/W 
GND 



T 



Yi > 



Y 7 > 



4 



VDD 



CE 2 

CEi 

R/W 
GND 



T 



VDD 
CE 2 

CEi 
R/W 
GND 



6 Q i> 



4 



LITHIUM 
BATTERY 



T 



7404 



74LS00/7400 



74LS138 (Decorder) 
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CMOS RAM DATA RETENTION CHARACTERISTICS 



DATA RETENTION CHARACTERISTICS (Ta = T pr t21 ) 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN 


MAX 


UNIT 


V D R 


Data Retention Voltage 


OV ^ CE ^ 2V 

V DD -02V^CE^V DD 


20 


55 


V 


T-CDR 


Chip Deselection to Data 
Retention Time 







- 


/is 




tR 


Operation Recovery Time 




t RC [1] 


- 


/is 





Note [1] tRc Read Cycle Time 

[2] T pr Operating Temperature 



TIMING CHART 



45V~V 
V DD V 

V D R -^- 



Data Retention Mode 



I 



V D D-0 2V. 



^s_ 



_/F=\ 



— 185 — 



TC5516AP Low Power Application 



When CE 2 goes high, theTC5516AP becomes to a low power standby state Odds = 30juA Max.). 
The average operating current of TC5516AP depends on the CE 2 active duty (CE 2 active time to cycle time 
ratio) and input levels 

Following figure show the above characteristics 




CE 2 = normally V|H 
(Standby State) 



Therefore the application with CE 2 clocked offers a reduction in average operating power of TC5516AP 
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16K BIT STATIC RAM TMM2016P Low Power Application 

Operating Average Current of TMM2016P 

When the CS goes high, the TMM2016P becomes to low power standby mode automatically There- 
fore using of CS with clock make it possible to reduce the operating average power 
This characteristics are shown as following. 



'CC Average 
(mA) 



'CC Average vs CS Duty^) 




Noted) CSDuty = t cs ~ t cyc | e 




t cycle 
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Application 

The synchronous applications using clock from MPU reduce the operating average power of TMM2016P, and 
achieve the system power saving. 
Examples are as follows. 



Example 1. (8085, Z80, etc.) 

74LS00 




In this application, CS is controlled by WR 
and RD signal from MPU. 

In MPU-8085_ application with 3MHz, the 
duty cycle of CS becomes about 40%, and this 
application offers an about 50% reduction in 
operating power of TMM2016P 



Example 2. (8085, Z80) 



MREQ 
(Z80) 
ALE 

(8085) 



^~ 



TMM2016P 



In this application, CS is controlled by 



MREQ signal from MPU-Z80 or ALE signal from 
MPU-8085. 

In MPU-Z80 application, the duty cycle of 
CS becomes about 65%, and this application off- 
ers an about 30% reduction in operating power 
ofTMM2016P. 



Example 3. (6800) 



Decode 
signal 



02 



)D~- 



^ 



TMM2016P 



In this application, CS is controlled by 02 
clock. 

Use of 02 clock with 50% duty cycle offers 
an about 40% reduction in operating power of 
TMM2016P. 

In application with MPU-6802 in space of 
6800, enable 02 output (E) signal is used as a 
clock of CS. 
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TMM2016P 
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Advantage of two chip enable inputs in CMOS Memory 

• Two chip enables offers both fast memory access and battery backup. 

• Achievement of standby mode is simplified by elimination of requirements on inputs Only requirements 
involve CE2 or CE2 (for example, CE2 for TC5501 P/D and TC5047AP, and CE2 f or TC551 6AP refer to 
specification) 



Example 1: Nonvolatile application simplified 

• One chip enable can be commonly used 

• No gates are required 



CEi 
CE 2 



CEi 
CE 2 



HCE1 
CE 2 



Data Retention 

Control for battery backup 



Example 2 : Two-dimensional arrangement by decoding two chip enables 

• This application makes memory expansion easy without increase in decoder devices 







CEi 
CE 2 




CEi 
CE 2 





CEt 
CE 2 








decoded 
CE! 




I 

i 

i 




I 
l 

I 




i 






CEi 
CE 2 




CEi 
CE 2 




CEi 
CE 2 


V 






1 




I 




j 






Y 

de codec 


1 CE 2 
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16K RAM Interchangeability 



• TC5516AP and TMM201 6P Operation Mode 



MODE~\^ 


TC5516AP 


TMM2016P 


^ CE 2 (18) 


CEi (20) 


R/W (21) 


CS (18) 


OE (20) 


WE (21) 


Write Mode 


L 


*L 


L 


L 


*Lor H 


L 


Read Mode 


I L 


L 


H 


L 


L 


H 



For write mode, there is a difference between TC551 6AP and TMM201 6P 

But in usual application, two RAM's are interchangeable in same socket each other by simple 

jumper wiring 



• 16K RAM's and Microprocessor Application Example 





A TMM2016P 

B TMM2016P, TC5516AP 




A TMM2016P 

B TMM2016P, TC5516AP 
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TOSHIBA 16K BIT CMOS RAM COMPATIBILITY TABLE 



f*IN GOWKlUflATION 




OPEBAtrON MO01 



DEVICE NUMBER 


TC5516AP 


TC5517AP/BP 


TC5518BP 


PIN NO 


18 


20 


21 


POWER 


18 


20 


21 


POWER 


18 


20 


21 


POWER 


~^~~~~^ __PIN NAME 

MODE ^^^-^__ 


ce7 


cI7 


R/W 


CE 


OE 


R/W 


ce7 


clT 


R/W 


WRITE 


L 


L 


L 


ACTIVE 
Cddo) 


L 


* 


L 


ACTIVE 
Cddo) 


L 


L 


L 


ACTIVE 
Cddo) 


READ 


L 


L 


H 


ACTIVE 
Cddo) 


L 


L 


H 


ACTIVE 
Cddo) 


L 


L 


H 


ACTIVE 
Cddo) 


STANDBY 1 


* 


H 


* 


ACTIVE 
Cddo) 


\ 


\ 


\ 




* 


H 


* 


STANDBY 
Odds) 


STANDBY 2 


H 


* 


* 


STANDBY 
Odds) 


H 


* 


* 


STANDBY 
Hdds) 


H 


* 


* 


STANDBY 
Odds) 


OUTPUT DESELECT 










* 


H 


* 


ACTIVE 
Cddo) 




\ 




\^ 



Note * , H or L 



Interchangeability of CMOS RAM with NMOS RAM 

1 . 4K BIT (4K words x 1 bit) CMOS RAM - TC5504AP Family 

TC5504AP's function is compatible with MK4104. 





MK4 104-33 
MK4 104-35 


TC5504P 


TC5504AP-2/AD-2 
TC5504AP-3/AD-3 


Operating Temperature (°C) 


0-70 


-30 ~ 85 


-30 ~ 85 


V cc or V DD 


5V ± 10% 


5V ± 10% 


5V ± 10% 


V| H (Min ) 


2.2V 


V DD - 2.0V 


2.2V 


V, L (Max.) 


8V 


8V 


8V 


Ice (Operating Current) (mA) 


27 


20 


5 


Isb (Standby Current) 


3mA 


20juA 


20/xA 


tcycle ( ns ) 


310/460 


550 


300/420 


tACC (ns) 


200/300 


450 


200/300 
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2. 4K BIT (IK words x 4 bits) CMOS RAM - TC5514AP Family 

The TC5514AP Family is a high speed and very low power, fully static (asynchronous type) CMOS RAM, 
and is compatible with Nch 21 14 type RAM, yet offers a more than 90% reduction in power of their NMOS 
equivalents. 





2114-2 


2114-3 


2114 


TC5514P 


TC5514AP-2/-3 
TC5514AD-2/-3 


Operating Temperature (°C) 


~ 70 


-30 ~ 85 


-30 ~ 85 


V CC orV DD (V) 


5V ± 5% 


5V ± 10% 


5V ± 10% 


V| H (Mm.) (V) 


20 


22 


22 


V| L (Max) (V) 


0.8 


0.65 


08 


Ice (mA) 


100/70 


25 


5 


l S B (MA) 





20 


20 


tRc (Read Cycle Time) (ns) 


200 


300 


450 


450 


200/300 


*ACC (Access Time) (ns) 


200 


300 


450 


450 


200/300 


tco (Chip Select Access Time) (ns) 


70 


100 


120 


450 


70/100 


twe (Write Cycle Time) (ns) 


200 


300 


450 


450 


200/300 


t WP (Write Pulse Width) (ns) 


120 


150 


200 


350 


120/150 


t DS (Data Set Up Time) (ns) 


120 


150 


200 


200 


120/150 


ton (Data Hold Time) (ns) 


















3. 16KBIT (2K words x 8 bits) CMOS RAM - TC5516AP 





HM6116LP-2 
-3 
-4 


TMS4016NL 


TMM2016P-1 


TC5516AP 


Operating Temperature (°C) 


~ 70 


0~70 


~ 70 


-30 ~ 85 


V CC orV DD (V) 


5V ± 10% 


5V ± 5% 


5V ± 10% 


5V ± 10% 


V, H (Min.) (V) 


2.2 


2.0 


2.2 


22 


V| L (Max) (V) 


0.8 


0.8 


0.8 


0.8 


Iddo or Ice (mA) 
(Operating Current) 


70/60/60 


90 


100/120 


70 (55)* 


Iddsc'sb (mA) 
(Standby Current) 


0.1 


- 


15 


03 


tRC (ns) 

(Read Cycle Time) 


120/150/200 


450 


150/100 


250 


t ACC (ns) 
(Access Time) 


120/150/200 


450 


150/100 


250 


tco ort C o2^ (ns) 
(Chip Select Access Time) 


120/150/200 


150 


150/100 


250 


toEort CO i (ns) 
(Output Enable Time) 


80/100/120 


150 


55/35 


100 


twe (ns) 

(Write Cycle Time) 


120/150/200 


450 


150/100 


250 


twP (ns) 

(Write Pulse Width) 


70/90/120 


400 


120/90 


200 


tDS <ns) 

(Data Set up Time) 


35/40/60 


400 


60/40 


120 



* Vin =V DD /GND 
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TOSHIBA BYTEWIDE MEMORY FAMILY PIN OUT. 
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TMM334 (MROM) 
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TMM323 (EPROM) 


1 28 

2 27 
3(1) (24)26 

4 (2) (23) 25 

5 (3) (22) 24 
6(4) (21)23 
7 (5) (20) 22 
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9(7) (18)20 
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TOSHIBA CORPORATION 
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